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Section  XIIL-GASFITTING 


CHAPTER  I 

COAL  GAS 

Composition. — When  coal  gas  is  first  distilled  from  coal,  and  after  it  has 
been  cooled  in  the  first  stage  of  its  purification,  its  composition  is  approxi- 
mately as  follows: — 


Hydrogen 

from  42 

to  53  per  cent  by  volume. 

Methane  (marsh  gas) 

„  32 

„  39 

Carbon  monoxide 

„  3 

„  10 

Hydrocarbons,  gaseous  ... 

„  2-5 

„   4^5  „ 

Light  condensable  vapours 

•5 

„    1-2  „ 

Carbon  dioxide  (carbonic  acid) 

„  M 

„    1-8  „ 

Nitrogen  ... 

1-0 

„    5-0  „ 

Hydrogen  sulphide 

„  1-0 

„    2-0  „ 

Ammonia 

•5 

„     -95  „ 

Cyanogen 

■05 

„     -12  „ 

Carbon  disulphide 

•02 

„     -035  „ 

Naphthalene 

■005  „     -015  „ 

When  gas  has  reached  the  state  in  which  it  is  ready  to  be  supplied  to 
the  consumer,  its  composition  is  approximately  as  follows: — 

Hydrogen         ...       ...       ...       ...  47-99  per  cent  by  volume. 

Methane  (marsh  gas)     ...        ...        ...  37 "64        ,,  ,, 

Carbon  monoxide         ...       ...       ...  3-75       ,,  ,, 

Heavy  hydrocarbons     ...        ...        ...  4'41        ,,  ,, 

Carbon  dioxide  ...        ...        ...        ...  — 

Oxygen   ^26 

Nitrogen  ...       ...       ...    5-95       ,,  „ 

100  00 


Hydrogen  is  the  largest  component  of  connnon  coal  gas,  and  is  the 
lightest  of  all  known  bodies,  having  a  specific  gravity  (at  30  in.  pressure 
and  60'  F.)  of  -0692;  100  cu.  in.  weigh  only  2-15  gr.  The  quantity  of 
this  constituent  of  coal  gas  is  subject  to  variation,  depending  principally 
upon  the  amount  of  moisture  contained  in  the  coal  distilled  and  on  the 

1  These  figures  are  given  hy  Mr.  W.  J.  A.  Butterfield  in  his  work  on  Gas  Manufuctvre. 
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temperature  of  the  distillation.  The  proportion  sometimes  amounts  to 
50  per  cent. 

Methane  or  marsh  gas  is  also  always  found  in  coal  gas,  and  is  known  in 
•colliery  districts,  where  it  is  met  with  in  the  coal  mines,  as  fire  damp.  It 
is  tasteless  and  colourless,  with  a  specific  gravity  of  "553,  and  100  cu.  in. 
weigh  17"15  gr.  This  gas  and  hydrogen  are  the  two  principal  constituents 
of  coal  gas. 

Naphthalene  (the  most  troublesome  constituent  of  coal  gas)  is  a  solid 
body,  which  is  converted  into  vapour  at  a  temperature  of  about  170°  to 
180°  F.  The  vapour  adds  greatly  to  the  illuminating  power  of  the  gas; 
but  when  the  temperature  of  the  gas  is  reduced  in  the  mains  and  services, 
the  vapour  condenses  and  is  deposited  therein  in  a  solid  form,  causing  much 
trouble  at  times  to  clear  away. 

Methods  of  Increasing  the  Illuminating  Power. — In  many  towns  in  the 
provinces,  owing  to  the  regulations  of  the  local  authorities,  the  gas  supplied 
to  the  public  must  be  of  a  certain  illuminating  power,  and  one  of  the 
largest  companies  in  London  is  supplying  its  gas  under  similar  restrictions. 
Now,  if  gas  is  distilled  from  coal  at  a  very  high  temperature,  a  greater 
volume  per  ton  of  coal  is  obtained,  but  it  is  of  lower  illuminating  power 
than  that  required  by  the  regulations  mentioned;  therefore  some  addition 
must  be  made  to  it  in  order  to  raise  it  to  the  specified  standard.  There  are 
two  usual  methods  of  doing  this — (1)  by  the  addition  of  carburetted  water 
gas  or  oil  gas  of  high  illuminating  value,  and  (2)  by  the  addition  of  oil 
vapours. 

Carburetted  water  gas  is  obtained  as  the  result  of  separating  water  into 
its  component  parts — hydrogen  and  oxygen — by  passing  a  volume  of  steam 
under  pressure  through  a  mass  of  incandescent  coke  at  a  temperature  of 
about  1000°  C.  (1832°  F.).  The  oxygen  combines  with  the  coke  and  forms 
carbon  monoxide,  and  the  hydrogen  passes  along  through  a  series  of 
apparatus  in  which  it  comes  in  contact  with  a  stream  of  oil  vapour,  which 
has  been  raised  to  much  the  same  temperature,  and  with  which  the 
hydrogen  thoroughly  combines.  The  combined  gases  then  pass  through 
a  superheating  chamber,  where,  owing  to  the  temperature,  the  oil  vapour 
and  the  hydrogen  become  a  fixed  gas  of  (say)  twenty-six  candle  power, 
and  approximately  the  following  composition: — 

Hydi'Ogen  ...        ...        ...        ...  35-17  per  cent  by  volume. 

Methane   13-58       „  ,, 

Carbon  monoxide         ...        ...        ...  33-92        ,,  ,, 

Hydrocarbons     ...        ...        ...        ...  12-83        ,,  ,, 

Carbon  dioxide  ...        ...        ...        ...      1"54        „  „ 

Nitrogen  ...        ...        ...        ...        ...      1'76        ,,  „ 

The  oil  used  for  the  manufacture  of  carburetted  water  gas  is  usually 
Russian  solar  distillate  (a  distillate  of  petroleum)  or  Scotch  shale  oil. 

Water  gas  ought  not  to  be  used  exclusively  for  illuminating  purposes 
on  account  of  the  amount  of  the  very  poisonous  carbon  monoxide  it 
contains.  It  has  been  stated  that  '1  per  cent  of  carburetted  water  gas 
renders  the  air  of  a  room  injurious,  while  1  per  cent  makes  it  fatal;  there- 
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fore  only  a  very  small  percentage  of  cai'buretted  water  gas  is  added  to  the 
common  coal  gas  to  increase  its  illuminating  value.  The  Parliamentary 
Committee  which  considered  the  subject  of  the  admixture  of  carburetted 
water  gas  with  common  coal  gas  fixed  the  maximum  as  just  over  16  per 
cent. 

Oil  Vapour. — The  other  usual  method  of  raising  the  illuminating  power 
of  common  coal  gas  is  by  the  addition  of  oil  vapours.  Benzol,  or  a  petro- 
leum distillate  called  carhurene,  or  another  known  as  gasolene,  is  used. 

Commercial  90-per-cent  benzol  containing  about  70  per  cent  benzene 
and  25  per  cent  toluene  has  a  boiling-point  of  between  82°  and  112°  C. 
(179'6°  and  234°  F.),  and  a  specific  gravity  of  from  -882  to  '885.  Car- 
burene  has  a  boiling-point  of  about  70°  C.  (158°  F.),  and  a  specific  gravity 
of  '68.  Gasolene  has  a  boiling-point  of  about  40°  C.  (104°  F.),  and  a 
specific  gravity  of  about  •70. 

The  process  of  vaporizing  the  oils  is  much  the  same  in  each  case.  They 
are  placed  in  a  chamber  surrounded  by  steam,  and  the  vapour  formed  by 
this  heat  is  conducted  by  suitable  means  to  the  gas  mains  that  supply  the 
district.  The  amount  of  any  of  the  oils  used  is  about  1  gal.  for  one  candle 
increase  to  every  10,300  cu.  ft.  of  gas. 


CHAPTER  II 

GASFITTEES'  TOOLS 

Stocks  and  Dies. — Each  length  of  wrought-iron  gas  pipe  is  pi-ovided  with 
an  external  thi-ead  at  each  end  extending  backwards  for  about  1  in.,  and 
on  one  of  these  ends  a  socket,  having  an  internal  thread  corresponding  to 
that  already  on  the  length  of  pipe,  is  screwed.  Thus,  each  length  of  pipe 
is  delivered  from  the  manufacturer  ready  to  be  screwed  to  another  to  make 
as  long  a  "  run  "  of  pipe  as  is  required.  The  thread  on  the  end  of  the  pipe 
unprotected  by  the  socket  is  often  damaged  by  careless  stacking,  or  by  an 
accidental  knock  in  transit  from  the  maker's  works,  so  that  much  difficulty 
is  experienced  when  attempting  to  screw  one  length  into  another.  In  order 
to  obviate  this,  a  tool  termed  a  die  stock^  is  made,  containing  a  screw  die, 
which  is  easily  adjusted  to  suit  pipes  of  diflferent  diameters,  and  which  with 
one  or  two  turns  on  the  pipe  corrects  all  the  damage  that  has  been  done. 

The  stocks  and  dies  made  for  the  larger  sizes  of  pipes — i.e.  from  f  to 
2  in. — usually  have  to  be  changed  for  each  size;  but  for  the  smaller  sizes 
{\  in.,  \  in.,  f  in.,  and  h  in.)  die  stocks  are  made  containing  dies  for  each 
size  in  one  setting,  thus  making  a  most  handy  tool.  Accompanying  each 
size  of  die  are  taps  for  making  threads  in  holes  (drilled  for  the  purpose), 
and  usually  three  in  number  for  each  size  of  hole,  namely,  a  fapcr  tap  (or 
commencing  tap),  which  starts  the  impression  of  the  thread;  the  second  tap, 
w^hich  increases  the  impression;  and  the  plug  taj),  which  completes  the 
thread,  and  makes  it  ready  to  receive  the  length  of  pipe  to  be  scre\\  ed  into 

>  See  fig.  37,  p.  .54,  Vol.  I 
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ii'ig.  954.— The  Clybiirn  Shifting  Spanner 


it.  There  are  also  some  taps  made  by  which  all  three  operations  can  be 
performed  with  the  one  instrument;  but  much  care  has  to  be  exercised, 
when  using  them,  not  to  go  too  quickly,  or  the  taps  are  likely  to  be 

ruined. 

The  Spanner. — The  most  useful 
form  of  spanner  for  a  workman  to 
carry  with  him  is  the  shifting 
spanner,  such  as  the  well-known 
Clyburn  (tig.  954).  This  is  fitted 
with  a  movable  jaw  to  take  the  various  sizes  of  nuts,  the  jaw  being 
operated  by  means  of  a  milled  screw  attached  to  the  head  of  the  spanner. 

The  old-fashioned  gas  tongs  (fig.  955)  are  composed  of  two  pieces  of  iron. 
When  the  curved  portion  has  been  placed  around  the  piece  of  pipe  to  be 

screwed,  the  under  lip  grips 
the  pipe  on  the  handles 
being    squeezed  together. 

955.-Ordinary  Gasfitters'  Tongs  This  description  of  tongS  is 

in  everyday  use,  but  is  not 
altogether  satisfactory,  as  the  part  which  grips  the  pipe  soon  becomes 
worn  and  requires  constant  attention;  and,  further,  it  is  necessary  that 
several  sizes  of  tongs  be  carried  to  fit  the  various  pipes  met  with,  as  each 
size  of  pipe  necessitates  the  use  of  two  pairs  of  tongs,  one  pair  for  the 

barrel  part  of  the  pipe,  and  one  for  the 
socket,  which  of  course  is  larger  than 
the  barrel.  The  size  of  tongs  used  for 
the  socket  of  (say)  a  piece  of  |-in.  pipe 
is  the  same  as  it  is  necessary  to  use  on 
the  barrel  of  a  piece  of  pipe  of  f-in. 
diameter,  and  the  |-in.  socket  tongs  fit 
the  1-in.  barrel,  and  so  on. 

The  pipe  wrench  (fig.  956)  is  more 
useful,  as  it  is  adaptable  to  many  sizes  of  barrels  and  sockets.  The 
movable  portion  is  altered  and  held  in  position,  as  the  size  of  the  pipe 
requires,  by  the  bolt  A,  which  can  be  taken  out  at  will. 

Another  excellent  tool,  by  which  great  purchase  can  be  obtained  upon 
stiff  pipes,  is  Brock's  patent  chain  tongs  or  wrench  (fig.  957).    This  may  be 


Fig.  956.— Pipe  Wrench 


957.— Vulcan  Chain  Pipe  Wrench 


considered  the  best  tool  for  all-round  work.  The  chain  grips  the  pipe 
against  the  hardened  steel  teeth  of  the  jaw  of  the  tool.  The  jaw  is  of  such 
a  degree  of  hardness  that,  when  the  teeth  are  worn,  fresh  teeth  can  be 
made  with  a  file. 

It  is  often  necessary  to  cut  a  length  of  pipe  to  complete  a  cii'cuit,  or 
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make  a  connection  to  a  fitting,  and  for  this  purpose  a  pipe-cutter^  is 
required.  A  thread  can  be  cut  on  the  end  by  means  of  the  stock  and  die, 
or,  if  the  pipe  is  large,  by  a  screwing  machine "'. 

The  pipe  vice  is  an  arrangement  for  holding  firmly  the  piece  of  pipe  that 
is  to  be  cut  or  screwed,  so  that  it  will  not  turn  when  the  stock  and  dies  or 
the  cutting  tool  is  used.  The  vice  shown  in 
fig.  958  has  two  pillars,  on  which  a  cross  bar 
moves  up  and  down.  By  means  of  the  two 
nuts  the  toothed  jaw  below  the  cross  bar  can 
be  pressed  down  to  grip  the  pipe  tightly.^ 


CHAPTER  III 

PIPES,  COCKS,  BYPASS  TAPS,  AND  SIPHONS 

Gas  pipes  are  of  two  kinds:  wrought  iron  and 
a  composition  of  lead,  tin,  zinc,  &c.  The  latter 
(usually  known  as  "compo"  pipe)  is  so  little  used 
at  the  present  time,  except  for  pipes  of  small 
size,  and  for  making  the  junction  between  the  end  of  the  supply  from  the 
main  and  the  meter  (to  which  particular  reference  will  be  made  later),  that 
little  need  be  said  about  it.  It  should  not  be  used  for  any  size  beyond 
(say)  j|  in.,  and  should  never  be  hidden  from  sight,  as  if  it  is  buried  in 
the  plaster  a  nail  is  easily  driven  into  it,  causing  an  escape  of  gas,  which 
cannot  be  stopped  without  damaging  the  plaster  and  the  decorations. 

Size  of  Pipes. — Before  commencing  to  lay  a  service  from  the  street  to  a 
dwelling  house,  it  is  necessary  to  consider  in  the  first  place  how  much  gas 
will  be  required.  This  can  easily  be  ascertained,  as  several  tables  giving 
the  rate  at  which  coal  gas  flows  through  pipes  of  varying  sizes  have  from 
time  to  time  been  compiled  from  experiments.  For  the  px'esent  purpose 
that  recently  given  in  Mr.  W.  Grafton's  useful  book  on  Practical  Gasftting 
will  be  most  suitable. 


Flow  of  Gas  at  1-inch  Pressure  through  W.  I.  Pipes  per  Hour. 


Length  of  Pipe 
in  Yards. 

15 

25 

50 

75 

100 

Diameter  of 
Pipe  in  In. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

1 

■44 

40 

37 

32 

27 

a 
? 

114 

108 

95 

78 

67 

1 

223 

212 

187 

152 

128 

H 

388 

368 

323 

263 

222 

H 

613 

590 

507 

413 

345 

2 

1280 

1225 

1070 

880 

750 

21 

2220 

2115 

1820 

1520 

1270 

Fig.  958.— Pipe  Vice 


'  See  fig.  30,  p.  53,  Vol.  I.      =  See  fig.  .34,  p.  51,  Vol.  I.     ^  Another  kind  is  shown  in  fig.  .35,  p.  52,  Vol.  I 
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By  dividing  the  number  of  cubic  feet  by  the  size  of  the  burner  that  is 
to  be  used,  the  number  of  burners  which  any  particular  size  and  length  of 
pipe  will  supply  may  be  found. 

It  should,  however,  be  noted,  that  the  pressure  under  which  gas  is 
supplied  always  exceeds  1  in.,  and  the  amount  of  gas  flowing  through  the 
pipe  IS  increased  directly  as  the  square  root  of  the  pressure  and  reduced 
inversely  as  the  square  root  of  the  length  of  the  pipe.  For  example,  with 
four  times  the  pressure  the  quantity  supplied  is  about  doubled,  whilst  with 
four  times  the  length  of  pipe  the  supply  is  about  halved.  From  the  above 
table  it  will  be  seen  that  coal  gas  under  a  pressure  of  1  in.  will  flow  through 
a  1-in.  pipe  15  yd.  long  at  the  rate  of  223  cu.  ft.  per  hour;  but  should  this 
pipe  be  50  yd.  long  the  flow  is  reduced  to  about  1 21  cu.  ft.  per  hour. 

'I'he  following  useful  table,  also  from  Mr.  Grafton's  work,  shows  the 
maximum  length  of  pipe  which  should  be  used  in  any  particular  diameter 
for  the,  specified  number  of  lights. 


Internal  Diameter 
of  Tubing. 

Inches. 

Greatest  Length. 
Feet. 

Xuniber  of  Lights 
Allowable. 

a 

8 

20 

3 

I 

30 

4 

5 
8 

40 

10 

3 
? 

50 

15 

1 

60 

25 

u 

90 

40 

u 

120 

70 

i(;o 

130 

Connections  to  Mains. — Having  decided  the  proper  size  of  pipe  to  be 
laid  down,  and  ascertained  the  position  of  the  gas  main,  the  trench  is  dug 
and  the  main  drilled  for  the  connection.  This  last  is  done  by  a  drilling 
apparatus,  which  is  placed  round  the  main,  and  is  of  such  a  kind  that 
it  drills  the  hole  required  and  taps  the  screw  thread  ready  to  receive  the 
pipe,  allowing  very  little  gas  to  escape  during  the  operation.  When  laying 
a  service  to  a  building,  a  fall  should  be  given  to  the  pipes  in  the  direction 
of  the  gas  main,  as  by  doing  this  any  moisture  that  may  be  deposited  will 
run  back  to  the  main  by  gravitation.  The  supply  to  the  dwelling  is  run 
from  the  place  where  the  meter  is  to  be  fixed  back  toward  the  main,  care 
being  taken  that  every  joint  has  a  good  coating  of  red-lead  paint  or  other 
approved  jointing  material.  A  connector  (No.  9,  fig.  959)  is  screwed  into 
the  hole  drilled  in  the  main,  ready  to  meet  the  supply  when  this  is  brought 
up  to  it.  This  "connector"  is  a  short  piece  of  pipe  of  the  same  diameter  as 
the  supply  pipe,  but  which  has  a  thread  upon  one  end  of  it  sufficiently  long 
to  allow  of  a  back  nut  (No.  15,  fig.  959)  and  a  socket  (No.  18)  being 
screwed  back  upon  it  so  that  about  two  threads  of  the  screw  protrude. 
The  connector  is  made  of  such  a  length  that  the  end  of  the  supply  pipe 
just  butts  against  it;  the  socket  is  then  screwed  foi'ward  over  the  end  of 
the  supply  pipe  and  a  piece  of  leaded  yarn  vround  round  behind  the  socket, 
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and  the  back  nut  is  screwed  up  behind  it,  making  a  strong  tight  joint. 
Fig.  959  shows  the  ordinary  wrought-iron  gas  barrel  and  fittings. 

On  the  end  of  the  service  to  the  house,  where  the  meter  is  to  be  fixed, 
a  main  cock  fitted  with  a  cap  and  lining  (fig.  960)  or  a  union  (fig.  961) 
is  screwed  for  the  reception  of  a  piece  of  lead  pipe  which  is  taken  from 
it  to  the  meter  inlet.    The  lead  pipe  is  fixed  to  the  lining  of  the  union 


Fig.  959.— Wrought-iroii  Gas  Barrel  and  Fittings 

1,  Barrel  2  ft.  and  upwartls  in  length:  2,  Pieces  3  in.  to  llj  in.  in  length;  .3,  Pieces  12  in.  to  23i  in.  in  lengtli: 
4,  Bend;  5-7,  Springs;  8,  Nipple;  9,  long  Screw  or  Connector;  10,  Square  Elljow;  11,  Kound  Elbow; 
12,  Flange;  13,  Cap;  14,  Plug;  15,  Baclc  Nut;  16,  Tee;  17,  Cross;  18,  Socket;  19,  Diminished  Socket. 


by  a  blown  lead  joint,  and  is  taken  thence  to  the  meter  with  an  easy  bend. 
The  length  of  this  piece  of  pipe  is  about  2  ft.,  and  lead  is  used  because  it 
can  be  bent  a  little  when  the  meter  has  to  be  taken  away  for  examination, 
thus  saving  the  disturbance  of  the  main  supply. 

The  house  supply  pipe  from  the  meter  should  be  of  the  same  size  on 
the  main  floor  as  that  entering  the  building,  so  that  any  stoves  or  fires  that 

may  be  supplied  from  it  will  be  sure  of  having 
sufficient  gas.     On  the  upper  floors  the  size 
may  be  decreased.    This  only  applies  to  stove 
and  fire  supply  pipes,  and  not 
to  those  for  lighting  purposes: 
these  latter  should  be  on  a 
different  service,  so  that  there 
will  be  no  chance  of  their 
failure  when   the   fires  and 
stoves  are  in  use.    Their  com- 
plete independence  can  be  en- 
sured by  branching  them  from  a  second  supply  run  straight  from  the  meter. 

The  size  of  branch  pipes  for  wall  brackets  need  not  be  more  than  I  in. 
for  each  bracket,  but  should  not  be  less  if  a  plentiful  supply  of  gas  is  to 
be  ensured.  The  branches  are  taken  off"  the  principal  lighting  supply  by 
means  of  T  pieces  having  the  through  bore  of  the  same  diameter  as  the 
large  pipe,  but  the  branch  outlet  smaller. 


960.—  Main  Cock  with  Cap  and 
Lining 


9G1.— Union 
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Rooms 


Main  Cock 
from  Meter 


Fig.  962. — An-aiigenient 
of  Separate  Services 


Main 
^Cock 


Fig.  963.— Arrange- 
ment of  Bypass 


In  the  case  of  large  rooms  and  halls,  it  is  generally  necessary  to  arrange 
the  pipes,  &c.,  in  such  a  way  that  part  of  the  fittings  can  be  cut  off  if  all 
are  not  required  at  the  same  time;  this  is  done  by  taking  the  main  supply 
to  a  box  in  some  suitable  place,  and  from  this  running  separate  services  to 

the  parts  of  the  building 
requiring  them,  each  ser- 
vice having  a  cock  to 
control  the  supply  of 
gas.  For  instance,  if  a 
building  has  a  series  of 
central  lights  through- 
out the  length  of  a  large 
room  or  hall,  and  a  sepa- 
rate set  of  .side  lights,  and 
others  in  adjacent  rooms, 
then  such  an  arrange- 
ment as  is  shown  in  fig. 
962  would  be  suitable. 
It  is,  however,  in  many  cases  neces- 
sary to  provide  means  by  which  the 
lights  in  each  section  may  be  turned 
quite  low  and  yet  not  go  out  entirely; 
this  can  be  done  by  the  provision  of 
a  bypass  on  each  pipe,  as  shown  in 
fig.  963.  When  the  main  cock  is  left 
full  on,  and  the  bypass  cock  opened,  the  auxiliary  cock  can  be  closed  and 
the  small  supply  of  gas  necessary  for  the  diminished  lighting  will  then  be 
obtained  through  the  bypass. 

In  a  large  building,  where  the  pipes  are  of  great  length,  a  siphon  should 
be  inserted  in  the  main  service  pipe  close  to  where  it  leaves  the  meter,  and 

at  the  lowest  point  of  the  system,  and  all  the 
pipes  should  be  laid  to  drain  to  this  point.  In 
the  case  of  a  specially  large  building  a  box 
siphon  should  be  provided.  This  is  a  cast-iron 
box  of  suitable  dimensions,  into  the  top  of 
which  a  pipe  is  taken  from  the  lowest  point 
of  the  system.  The  pipe  dips  into  the  siphon 
to  within  about  1  in.  from  the  bottom.  An 
outlet  fitted  with  a  cock  is  also  provided  about 
1-^-  in.  from  the  bottom  for  the  purpose  of  draw- 
ing oti"  any  water  that  may  accumulate  in  the 
system. 

Another  simple  and  effective  form  of  siphon  for  large  dwellings  is 
shown  in  fig.  964,  and  consists  of  a  swan-neck  outlet  taken  from  the  house 
supply  pipe  close  to  the  meter.  As  this  is  at  the  lowest  point  in  the  service, 
any  moisture  that  may  condense  in  the  pipes  is  collected  and  may  be  drawn 
off  at  the  cock. 

If  it  is  impossible  to  arrange  for  a  rise  in  the  supply  pipe  from  the  main 


Fig.  96i.— Pipe  Siphon 
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in  the  street  to  the  meter,  it  is  essential  that  a  siphon  should  be  connected 
to  this  pipe  before  it  enters  the  meter.  The  pipe  should  dip  down  nearly 
to  the  bottom  of  the  siphon  box,  on  which  a  small  hand  pump  may  be 
screwed  if  there  is  no  room  for  a  tap,  and  any  accumulation  of  water  can 
thus  be  removed. 

Before  taking  the  main  service  pipes  throughout  the  building,  it  is 
necessary  to  determine  the  positions  of  the  various  lights  in  the  different 
rooms,  and  also  the  kind  of  lights  or  burners  that  are  to  be  used.  Where 
wall  brackets  are  to  be  fixed,  service  pipes  of  the  proper  diameter  must 
be  run  from  the  main  service  pipe  of  the  room  to  the  foot  of  the  walls 
on  which  the  brackets  are  to  be  placed,  and  then  up  the  walls  to  a  distance 
of  between  5  ft.  6  in.  or  6  ft.  above  the  floor.  They  must  be  finished  oft 
with  an  elbow  to  admit  of  the  brass  nose  or  nipple  being  screwed  in  to 
receive  the  bracket.  Care  must  be  taken  that  this  nipple  is  long  enough 
to  project  through  the  wood  block  against  which  the  bracket  is  to  be  fixed. 

For  a  centre  light,  if  the  main  service  runs  across  the  middle  of  the 
floor  above,  a  T  piece  must  be  inserted,  to  the  outlet  of  which  a  short 


Fig.  965.— Support  of  Service  Pipe  for  Drop  Llglit 

piece  of  pipe  must  be  attached  to  pass  through  the  ceiling  below.  If  a 
separate  branch  is  taken  across  the  floor  to  supply  a  centre  light,  it  is 
customary  to  fix  an  elbow  on  the  end,  and  to  attach  the  drop  to  this; 
but  this  is  not  a  good  plan,  for  the  unsupported  end  is  apt  to  vibrate. 
A  better  plan  is  to  insert  a  tee  at  the  point  where  the  drop  is  required, 
and  to  continue  the  main  until  it  rests  on  the  next  joist  (fig.  965),  or 
on  blocking  inserted  between  the  joists  for  its  support.  Where  it  is  neces- 
sary for  the  service  pipe  to  run  across  the  joists,  notches  should  be  cut 
out  of  the  joists  to  permit  the  floor  boards  to  be  evenly  laid  in  their  place; 
but  where  the  pipe  is  laid  pai-allel  to  the  joists,  it  must  be  firmly  supported 
by  staples  or  on  blocks  nailed  between  the  joists. 

If  a  pipe  has  to  be  laid  when  the  floor  boards  are  already  nailed  down, 
it  should  be  run  with  the  joists  in  order  to  obviate  the  necessity'  of 
taking  up  many  boards.  At  intervals  single  boards  should  be  cut,  or 
taken  up,  and  the  required  length  of  pipe  screwed  up  and  passed  under 
the  boai'ds  from  one  opening  to  another,  until  the  whole  pipe  is  in 
position,  when  it  should  be  fixed  to  the  joist  with  staples;  on  no  account 
should  the  pipe  be  allowed  to  lie  on  the  laths  and  plaster  of  the  ceiling, 
as  if  any  fittings  are  attached  to  it  the  ceiling  below  is  sure  to  be 
damaged. 

Testing. — When  the  whole  service  has  been  laid,  and  all  brackets  or  other 
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gas  appliances  fixed,  every  tap  or  other  outlet  for  gas  should  be  turned 
ofl'  and  the  test  dial  (with  which  every  meter  should  be  fitted)  observed. 
If  this  remains  stationary,  it  may  be  concluded  that  every  joint  in  the 
services  laid  down  is  perfectly  tight;  but  if  there  is  a  movement,  however 
slight  it  may  be,  all  the  work  should  be  carefully  examined  until  the 
leakage  is  detected. 

Escapes  of  Gas. — It  is  essential  that  an  escape  or  leak  should  be  traced 
to  its  source  with  as  little  delay  as  possible.  Coal  gas  can  be  readily 
perceived  by  its  smell  when  in  any  quantity,  but  the  location  of  a  small 
escape  is  sometimes  very  difficult.  A  sensitive  leakage  indicator  (fig.  966) 
is  manufactured,  the  construction  of  which  is  based  upon  the  law  of  the 
diff"usion  of  gases;  it  is  provided  with  an  indicating  hand  on  a  dial,  and 
will  immediately  reveal  the  presence  of  gas  and  give  the  approximate 

quantity  that  is  mixed  with  the 
surrounding  air.  When  in  use, 
the  back  cover  of  the  indicator 
is  removed.  This  instrument 
does  not  locate  the  exact  position 
of  an  escape,  but  as  the  defect  is 
approached  it  is  indicated  by  the 
larger  quantity  of  gas  registered. 
The  most  genei-al  method  of  de- 
tecting the  whereabouts  of  a  gas 
leak,  however,  is  by  smell,  and 
the  investigations  are  carried 
out  somewhat  in  the  following 
way.  First,  the  spot  where  gas 
is  perceived  most  strongly  is 
located,  then  the  main  cock  to  the  meter  is  shut  off",  and  the  premises  are 
cleared  as  far  as  possible  of  all  traces  of  gas.  If  the  odour  now  di.sappears, 
owing  to  the  open  windows  and  doors,  it  may  be  concluded  that  the  escape 
is  on  the  premises  themselves  and  not  outside  or  in  any.  other  building; 
the  pipes,  tlierefore,  from  the  meter  outlet  are  carefully  traced  and  every 
joint  gone  over,  the  main  cock  being  in  the  meantime  turned  on  again. 
Care  should  always  be  taken  to  see  that  no  lights  of  any  kind  are 
allowed  when  the  presence  of  a  leak  has  been  discovered.  If  the  escape 
is  thought  to  be  large,  it  is  usual  to  open  up  the  ground  outside,  from 
the  building  to  the  main,  to  see  that  the  service  is  sound,  as  gas  often 
travels  along  the  line  of  the  service  pipe,  and  finds  an  inlet  to  the  build- 
ing in  this  way.  Gas  has  a  great  permeating  power,  and  though  the 
presence  of  gas  is  detected  in  one  building,  the  escape  may  exist  in  another 
building,  or  even  under  the  street. 


Fig.  9C6.— View  of  Leak  Indicator 
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CHAPTER  TV 

METERS  AND  GOVERNORS 

Meters  are  of  two  kinds,  the  wet  and  the  dry.  The  wet  meter  is  round, 
and  contains  a  drum,  which  revolves  in  water  by  the  pressure  of  the  gas. 
The  drum  is  divided  into  four  compartments,  each  capable  of  containing 
a  known  quantity  of  gas.  The  gas  enters  from  the  main  supply,  and  is 
discharged  into  the  service  pipes  by  the  revolutions  of  the  drum,  and 
the  drum  is  connected  by  worm  gearing  to  the  index  box  of  the  meter, 
which  registers  the  consumption.  The  dry  meter  has  two  compartments, 
and  each  is  fitted  with  a  bellows  capable  of  receiving  and  expelling  a 
calculated  quantity  of  gas,  and  actuated  by  its  pressure.  As  the  bellows 
extend,  they  expel  a  quantity  of  gas  from  the  compartment  in  which 
they  work,  and  become  full  themselves.  A  pair  of  valves  in  the  valve 
box  above  them  then  admits  gas  to  the  compartment,  and  the  bellows 
under  the  pressure  recede  and  expel  in  their  turn  the  gas  they  contained. 
The  working  of  the  bellows  is  connected  by  a  suitable  gearing  to  the 
registration  index  box.  The  amount  of  gas  pressure  absorbed  by  a  dry 
meter  is  greater  tljan  that  absoi-bed  by  a  wet  one,  being  about  -f^  in., 
whei-eas  in  the  latter  case  it  would  be  about  i%  in.;  but  as  of  late  years 
heavier  pressures  have  been  introduced,  the  difference  is  of  little  conse- 
quence. 

The  size  of  meter  is,  of  course,  entirely  dependent  upon  the  nature  of 
the  premises  to  be  supplied  with  light,  heat,  or  power,  or,  in  other  words, 
upon  the  quantity  of  gas  required.  Below  is  appended  a  table  giving  the 
sizes  of  meters  and  the  quantity  of  gas  which  each  will  pass  per  hour, 
and  also  the  diameters  of  the  inlets  and  outlets.  The  particulars  are  the 
same  for  both  wet  and  dry  meteis. 


MeaKUrins 

Nominal  Size 

Ca]iacity  per 

Diameter  of 

of  Meter. 

Hour  in  Cubic 

Inlet  and  Outlet. 

Feet. 

5  ] 

iyht. 

30 

1  in. 

10 

1? 

60 

1  „ 

15 

)) 

90 

1  „ 

20 

5> 

120 

1-1  „ 

30 

)) 

ISO 

If  „ 

50 

)» 

300 

n  „ 

60 

)) 

360 

SO 

5J 

4S0 

100 

?) 

600 

0 

The  rule  for  calculating  the  size  of  meter  required  for  a  building  is 
to  divide  the  measuring  capacity  of  the  meter  per  hour  by  the  gas  con- 
sumption per  hour  of  the  burners  proposed  to  be  used.  It  will  be  seen  from 
the  table  that  the  nominal  size  of  the  meter  is  obtained  by  dividing  the 
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measuring  capacity  by  6,  this  being  the  number  01  cubic  feet  consumed 
per  hour  by  a  large  burner  of  the  ordinary  bat's-wing  type.  If  burners 
consuming  a  smaller  quantity  of  gas  are  used,  a  greater  number  of  lights 
can  be  supplied  fi-om  the  meter;  thus,  if  the  burners  consume  4  cu.  ft. 
or  gas  per  hour,  a  10 -light  meter,  which  has  a  measuring  capacity  of 
60  cu.  ft.  per  hour,  will  be  capable  of  supplying  fifteen  lights.  In  houses 
and  in  other  buildings  where  all  the  lights  are  not  burning  at  the  same 
time,  a  3-light  meter  is  usually  provided  for  any  number  of  burners  up 
to  6,  a  5-light  for  any  number  between  6  and  10,  a  10-light  for  any 
number  between  10  and  20,  and  so  on,  the  maximum  in  each  case  being 
double  the  nominal  size  of  the  meter. 

House  Gas  Governors. — The  pressure  at  the  outlet  of  the  meter  varies 
during  the  twenty-four  hours  in  almost  every  district,  sometimes  very 
considerably;  and  where  gas  is  constantly  being  used  throughout  the 
day,  and  a  constant  pressure  is  required,  a  device,  termed  a  governor,  is 


Fig.  967.— Gag  Governor,  Elevation  and  Section 


usually  fixed  close  to  the  outlet  from  the  meter.  Tlie  object  of  this 
governor  is  to  prevent  waste  and  also  to  provide  a  supply  of  gas  for 
the  fittings  at  a  constant  pressure,  irrespective  of  the  variations  in 
pressure  at  the  meter.  A  good  type  of  governor  consists  of  a  small 
chamber  fitted  with  a  leather  diaphragm,  which  rises  as  the  pressure 
of  the  gas  passing  through  the  chamber  increases,  and  draws  up  a  small 
plug  or  valve,  which  partially  closes  the  gas  inlet  to  the  chamber.  Such 
a  governor  is  regulated  by  placing  small  weights  upon  a  platform,  provided 
for  the  purpose,  on  the  leather  diaphi'agm,  or  by  a  regulating  screw  passing 
tlirough  the  top  portion  of  the  casing. 

Some  governors,  such  as  that  shown  in  fig.  967,  contain  a  cup  filled 
with  mercury,  in  which  rests  a  bell  of  light  metal  weighted  to  the  re- 
quirements of  the  position,  and  to  which  are  attached  the  necessary 
spindle  and  plug  for  the  regulation  of  the  flow  of  gas. 


BURNERS,  LIGHTING  DEVICES,  AND  GLOBES 


235 


CHAPTER  V 

BURNERS,  LIGHTING  DEVICES,  AND  GLOBES 


Fig.  968.— Diiion-jet  Gas 
Burners 


Fig.  9G9.— Bray's 
Bat's-wing  Burner 


The  ordinary  flat-flame  or  fish-tail  burners  are  of  two  kinds:  the  union 
jft  and  the  hat's-ioing. 

The  union-jet  burner  (tig.  968)  is  a  brass-cased  burner  fitted  with  an 
enamel  top,  which  will  not  corrode  or  burn  away  in  the  same  way  as  a 
metal  top.  Two  small  holes  are  drilled 
in  the  enamel  cap  at  an  angle  of  rather 
over  45°  with  the  horizontal  and  in- 
clined towards  each  other,  their  size 
depending  upon  the  lighting  capacity 
of  the  burner,  and  their  effect  being 
to  discharge  one  jet  against  the  other, 
forming  a  spreading  or  fan-shaped 
flame,  and  allowing  the  quantity  of 
air  necessary  to  produce  the  briglitest 
jet  to  mix  with  the  gas.  Their  effi- 
ciency is  rather  over  1^  candle  power 
for  every  foot  of  gas  consumed. 
With  an  even  pressure  they  give  an  even  flame,  and  before  the  invention 
of  the  incandescent  mantle  were  much  used  for  chandeliers  and  other 
positions  requiring  globes.  The  fish-tail  burner  derives  its  name  from 
the  shape  of  the  flame  it  gives.  If  the  best  results  are  to  be  obtained, 
gas  under  a  low  pressure  should  be  supplied, 
(say)  in.,  and  this,  unless  controlled  by  a 
governor  of  some  description,  must  be  regulated 
by  the  tap  of  the  fitting  to  which  the  burner  is 
attached. 

The  bat's-wing  burner  (fig.  969)  has  a  brass 
case  similar  to  that  of  the  union -jet  burner,  but 
instead  of  two  holes  it  has  a  slit  across  the  top  of 
the  enamel  cap.  The  cap  is  dome-shaped,  and  the 
slit  is  cut  very  evenly,  but  the  flame  is  wider  at 
the  top  than  that  of  the  union-jet  burner,  and  has 
a  great  tendency  to  spread  at  the  top  corners  and 
form  two  points. 

A  combination  of  the  union-jet  and  the  bat's- 
wing  burners  is  called  the  slit  -  union  burner. 
These  produce  a  flame  wider  at  the  base  than  the 
bat's-wing,  and  of  a  more  even  character,  and  have 
been  much  used  for  street  lighting. 

An  economizer  (fig.  970),  which  consists  of  a  small 
chamber,  containing  a  muslin  screen  inside,  and  havir 
holed  burner  on  the  top,  is  sometimes  placed  on  the  top  of  the  ordinary 
Bray  burner,  and  has  the  effect  of  largely  increasing  its  illuminating  power 


Fig.  970.— Bray's  Burner  with 
Economizer 


brass  expansion 
•  a  slit  or  two- 
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This  will  be  clearly  seen  from  the  appended  table,  quoted  from  a  book  by 
Mr.  F.  H.  Hills,  F.C.S.:— 


Without  Economizer. 

With 

No.  7  CoDAC  Economizer. 

Pressure 
Indies. 

Size  of 
Burner. 

Consump- 
tion per 
Hour. 

in. 

Power. 
Candles. 

Pressure 
Inches. 

Size  of 
Burner 

Consump- 
tion per 
Hour. 

111. 

Power. 
Candles. 

1-75 
1-00 

No.  2 

n 

5-6 

41 

1-4 
1-7 

1-75 
1-00 

No.  2 

0 

" 

5-6 
4-1 

16-6 

9-6 

1-75 

1-00 

„  3 
„  3 

6-75 
4-70 

4-0 

3\s 

1-75 
1-00 

„  3 
„  3 

6-75 
4-70 

18-0 
11-4 

From  the  above  it  will  be  observed  that  in  the  cases  of  both  No.  2  and 
No.  3  burnei's  the  consumption  remains  the  same,  but  with  the  pressure  at 
175  in.  the  illuminating  power  is  increased  in  the  former  case  from  25 
candle  per  foot  of  gas  burnt  to  2  96  candles,  and  in  the  latter  from  59 
candle  per  foot  of  gas  consumed  to  2'66  candles.  With  the  lower  pressure 
there  is  a  smaller  increase  in  the  illuminating  power,  but  there  is  almost 
always  more  than  1  in.  of  pressure  available. 

Governor  Burners. — In  order  to  obtain  the  best  results  from  any  of  the 
burners  described  above,  it  is  essential  that  only  as  much  gas  as  each  really 

requires  for  the  production  of  a  steady 
clear  flame  should  be  allowed  to  pass 
through  the  burner.  In  buildings  of 
many  stories  the  pressure  of  gas  on  the 
top  floors  is  considerably  greater  than 
that  in  the  basement  or  on  the  ground 
floor,  and,  to  ensure  the  best  results, 
governors  to  regulate  the  pressure 
ought  to  be  provided  on  the  burners 
on  the  higher  floors.  The  governor 
burners  may  be  the  ordinary  Bray, 
with  or  without  an  economizer,  but 
with  a  governor  attached.  The  usual 
governor  (fig.  971)  is  a  small  brass  case 
fitted  inside  with  a  light  metal  cap,  or  float,  which  rests  just  over  the 
orifice  through  which  the  gas  enters.  When  the  pressure  becomes  greater 
than  is  required,  the  float  rises  and  reduces  the  size  of  the  outlet  until 
the  required  pressure  is  obtained.  Governor  burners,  complete  in  them- 
selves, such  as  that  shown  in  fig.  971,  are  made  by  several  makers,  and 
can  be  bought  for  eacli  particular  inlet  and  outlet  pressure. 

The  increase  in  pressure  due  to  the  height  of  a  building  is  about  J^-  in. 
for  every  10  ft.  If  the  burners  themselves  ai'e  not  fitted  with  governors 
of  the  kind  just  described,  an  initial  governor  should  be  installed  on  the 
service  pipe  for  eveiy  30  ft.  of  elevation. 

The  albo-carbon  light  is  obtained  by  means  of  a  gas  fitting  in  which  the 
burnei's  are  so  arranged  tliat  the  heat  which  they  give  off  plays  either  upon 
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Fig.  971.— Governor  Burner 
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the  surface  of  a  reservoir  above  them  or  upon  a  flat  table  in  the  same 
position,  which  conducts  the  heat  of  the  flame  to  the  reservoir.  In  the 
reservoir  are  placed  pieces  of  re-crystallized  naphthalene,  which  is  a  pro- 
duct of  tar  distillation,  and  which  is  a  solid  at  ordinary  atmospheric  tem- 
peratures, but  which  melts  at  a  temperature  of  between  170°  and  180''  F., 
and  gives  off"  a  rich  hydrocarbon  vapour.  The  gas  supply  to  the  burners 
enters  the  reservoir  and  mixes  with  the  naphthalene  vapour,  which  largely 
increases  its  illuminating  power,  and  the  combined  gases  then  travel  to  the 
burner.  The  light  is  very  steady,  owing  to  the  expansion  of  the  gas  supply 
in  the  mixing  reservoir.  According  to  experiments,  made  by  Mr.  W.  J.  A. 
Butterfield,  a  light  of  25  candle  power  is  obtained  with 
a  consumption  of  4|  cu.  ft.  of  gas  per  hour  and  '02  lb. 
of  al bo-carbon.  This  form  of  burner  is  liable  to  smoke, 
but  is  certainly  more  economical  than  an  ordinary  flat- 
flame  burner. 

Regenerative  Burners. — The  principal  feature  of  these 
is  that  the  gas  is  burnt  in  an  atmosphere  of  hot  air. 
The  necessary  air  is  drawn  into  the  burner  after  having 
circulated  around  the  hot  casing  which  conveys  the  spent 
gases  from  the  outlet  of  the  burner.  The  effect  of  the 
heated  air  supply  is  to  raise  the  temperature  of  the 
flame  and  thus  increase  its  illuminating  power. 

The  Argand  burner  (fig.  972)  consists  of  an  annular 
steatite  ring  (forming  the  burner  proper),  on  the  top  of 
which  twenty-four  holes  of  a  prescribed  diameter  are 
drilled  for  the  issue  of  the  gas.  Connected  to  this  ring 
are  three  bent  supply  tubes,  which  are  joined  to  the 
socket,  by  which  the  burner  is  screwed  on  to  the  wall 
bracket  or  other  fitting.  On  the  outside  of  the  annular 
ring,  or  burner,  is  a  gallery  for  carrying  the  straight 
glass  chimney,  and  resting  on  the  gallery  is  a  metal  cone 
the  purpose  of  which  is  to  direct  a  current  of  air  up  the 
outer  surface  of  the  gas  flame.  The  main  supply  of  air 
for  proper  combustion  rises  through  the  annular  ring, 
and  the  flame  itself  is  hollow,  straight,  and  cylindrical.  The  best  effect  is 
obtained  from  this  burner  when  the  gas  supplied  is  at  a  pressure  of  about 
I  in.,  but  it  depends  also  to  a  great  extent  upon  its  quality,  as  the  holes  in 
the  top  of  the  burner  must  be  larger  for  a  low-power  gas  and  smaller  for 
a  richer  or  cannel  gas.  These  burners  are  sensitive  to  variations  in  pres- 
sure, and  should  therefore  always  be  used  in  conjunction  with  governors. 
Their  illuminating  efficiency  may  be  placed  at  just  over  3  candle  powei- 
per  foot  of  gas  consumed. 

Another  form  of  Argand  burner,  and  one  which  possesses  the  dis- 
tinguishing characteristic  of  regenerative  burners,  has  a  subsidiary  gallery 
ai'ound  the  burner  and  below  that  provided  for  carrying  the  ordinary 
chimney.  The  lower  gallery  is  entirely  closed  in  at  the  bottom,  and 
is  of  sufficient  diameter  to  support  an  outer  chimney.  By  this  arrange- 
ment the  air  supply  to  the  burner  must  travel  down  between  the  outer 


Fig.  972.— Sugg's  No.  1 
London  Argand  Kunier 
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and  inner  chimneys,  and,  in  so  doing,  becomes  highly  heated,  so  that  it 
is  supplied  to  the  burner  at  a  much  greater  temperature  than  the  out- 
side atmosphere.  This,  of  course,  increases  the  intensity  of  the  gas  flame; 
but  owing  to  the  fact  that  the  light  has  to  be  transmitted  through  two 
chimneys,  not  much  is  gained. 

Ventilating  Burners. — In  large  buildings,  where  many  burners  are  re- 
quired, a  system  of  ventilation,  in  which  the  burners  act  as  the  motive 
power  for  causing  currents  of  air,  is  often  found  most  useful.  In  many 
cases  regenerative  burners  are  utilized  for  the  purpose.  A  casing  or 
flue  is  made  to  carry  off  the  products  of  combustion  from  the  top  of 
the  burner,  and  is  carried  up  to  the  ceiling  (assuming  that  the  fitting 
is  suspended  from  the  ceiling  or  roof),  and  is  there  connected  to  a  flue 
that  runs  above  this  level  to  an  existing  chimney,  or  to  the  outside  air, 
where  a  cowl  is  fixed  on  the  outlet  to  prevent  down  draught.  The 
casing  is  pierced  or  fretted  along  a  portion  of  its  length,  and 
the  foul  air  from  the  upper  part  of  the  room  is  drawn  through 
the  holes  and  carried  away  by  the  induced  draught  caused  by 
the  heat  of  the  burner  below.  A  better  plan  is  to  connect  to 
the  ceiling  flue  a  canopy  or  inverted  funnel,  which  overhangs 
the  regenerative  burner,  and  through  which  the 
gas-supply  pipe  to  the  burner  may  run. 

Another  burner  used  for  ventilating  is  that 
known  as  "  Sugg's  Star  ".  The  same  arrangements 
as  regards  the  flue  are,  of  course,  necessary,  but 
the  burners  are  of  the  simple,  flat,  union -jet 
pattern,  and  do  not  require  the  same  amount  of 
attention  as  those  of  the  regenerative  type. 
The  incandescent  burner  consists  of  a  Bunsen 
flame  and  a  mantle  manufactured  from  two  rare  earths,  thorium  and 
cerium. 

The  upright  mantle  is  of  hooded  shape,  and  is  composed  of  various 
substances,  such  as  silk  or  cotton,  but  the  kind  in  most  demand  is  that 
prepared  from  a  thread  known  as  "  ramie ".  This  ramie  is  knitted  into 
long  stockings  and  cut  to  the  required  lengths,  each  being  then  gathered 
in  at  the  top  and  an  asbestos  loop  provided,  whereby  the  hood  may  be 
suspended  from  the  manganese  burner  fork.  The  mantle  is  then  dipped 
mechanically  into  a  solution  composed  of  98'76  per  cent  of  thorium  and 
124  per  cent  of  cerium.  After  the  processes  of  draining  and  drying, 
the  mantles  are  dipped  into  a  solution  of  collodion,  which  has  the  effect 
of  covering  them  wnth  a  fine  film,  thus  rendering  them  fit  for  transport. 
The  burners  are  of  the  Bunsen  type,  as  before  stated,  provided  with  a 
small  central  hole  for  the  reception  of  a  manganese  fork,  on  which  the 
mantle  is  hung.  The  burners  made  by  diflfei-ent  firms  vary  in  detail,  but 
the  working  principle  is  always  the  same.  In  some  a  sleeve  is  placed 
around  the  bottom  of  the  burner  for  the  regulation  of  the  air  supply, 
and  just  above  this  is  a  nipple,  shown  in  fig.  973,  having  a  soft  metal  top, 
which  is  pierced  by  three  or  more  holes,  through  which  the  gas  enters  the 
burner.    The  mixing  tube  (fig.  974)  is  screwed  on  to  the  nipple,  and  is 


Fig.  973.— Nipple 
ol  Incandescent 
Burner 


Fig.  974.— 
Mixing  Tube 
of  Incandes- 
cent Burner 
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provided  with  inlet  holes  for  the  air  supply  necessary  to  form  tlie  Bunseii 
flame.  Over  the  shank  of  this  tube  is  placed  the  burner  proper,  which 
consists  of  a  tube  with  an  expanded  head,  covered  with  wire  gauze,  and 
having  a  metallic  centre,  forming  the  socket  for  the  manganese  fork. 
Fig.  975  shows  the  complete  burner  with  mantle  and  chimney. 

No.  1,  tig.  976,  shows  Bray's  improvement  on 
the  original  form  of  burner.  The  movable  sleeve 
allows  more  or  less  air  to  enter  the  mixing  tube, 
and  can  be  set,  when  adjusted  to  the  requirements 
of  any  particular  burner,  by  the  small  screw  at 
the  side.  This  burner  is  also  fitted  with  a  bypass, 
which  enables  the  gas  to  be  turned  off,  leaving 
only  a  small  pilot  light  burning. 

Fig.  976  shows  two  forms  of  bypass  incandes- 
cent burners.  No.  1  being  an  improved  one  of 


Fig.  975.— Incandescent  Burner 


No.  1  No.  2 

Kig.  076.— Bypass  Incandescent  Burners 

No.  1,  Bray's ;  No.  2,  Welshach 


Bray's,  and  No.  2  one  of  the  original  Welsbach  pattern.  The  set  screws 
near  the  bottom  of  the  fittings  are  for  regulating  the  supply  of  gas  to 
the  bypass. 

The  tops  of  these  burners  are  made  of  a  mineral  called  steatite,  which 
is  incombustible,  and  will  not  readily  corrode. 

When  an  ordinary  incandescent  burner  of  the  C  type  is  first 
lighted,  it  will  give  a  lighting  efficiency  of  over  15  candle  power  per 
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foot  of  gas  consumed,  provided  that  it  is  furnished  with  a,  suitable 
mantle.  As  the  consumption  of  gas  by  a  burner  of  this  class  is  about 
4  ft.  per  hour,  a  lighting  efficiency  of  60  candle  power  for  one  burner 
is  obtained;  when  this  is  compared  with  the  old  flat  flame  of  just  under 
2  candle  power  per  foot  of  gas  consumed,  or  a  total  efficiency  of  12  candle 
power  with  6  ft.  per  hour,  the  advantage  of  the  incandescent  burners 
will  be  apparent.  Whereas  five  burners  of  the  old  flat-flame  type  are 
required  to  give  approximately  60  candle  power  with  a  consumption  of 
30  cu.  ft.  of  gas  per  hour,  one  incandescent  burner  and  mantle,  properly 
fitted  and  regulated,  will  give  an  equal  light  with  a  consumption  of  only 
4  ft.  This  means  that,  if  the  price  of 
gas  is  2s.  6d.  per  1000  cu.  ft.,  the  incan- 
descent burner  will  cost  •12cZ.  per  hour 
as  against  '9d.  in  the  case  of  the  flat- 
flame  burner. 

Larger    incandescent    burners  are 
made   for  street   lighting   and  public 
buildings  which  give  good  results,  but 
C 


Fig.  977.— Star  Inverted  Burner  without  Globe 


Fig.  978  — Bijou  Burner 


consume  about  10  cu.  ft.  of  gas  per  hour,  giving  a  total  illuminating 
power  equal  to  from  200  to  240  candles.  A  special  arrangement,  how- 
ever, must  be  provided  for  conipressing  the  gas  to  be  supplied  to  these 
burners. 

Inverted  incandescent  burners,  one  of  which,  known  as  the  "  Star ",  is 
shown  in  fig.  977,  are  now  often  used  in  houses.  The  bui-ner  is  fixed 
to  the  gas  bracket  by  the  internally  screwed  socket  at  C,  through  which 
the  gas  enters  the  burner.  This  socket  is  the  same  as  that  of  the  upright 
burner,  but  inverted.  The  air  for  the  Bunsen  flame  enters  at  E,  and  passes 
through  the  supply  pipes  A,  which  are  attached  to  the  corona  F,  and  are 
open  below.  The  mixed  gas  and  air  travel  down  the  tube  G,  where  they 
are  ignited,  and  around  the  end  of  this  tube  is  suspended  the  mantle  H, 
which  is  rendered  incandescent  by  the  gas  flame  issuing  from  the  burner  B, 
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The  globe  is  arranged  so  that  the  top  rim  tits  under  the  dropped  portion  of 
the  corona  marked  I,  into  which  three  small  screws  are  fitted  to  screw  up 
into  the  curved  lip  of  the  globe  and  hold  it  in  position.  Great  care  must 
be  exercised  when  ad- 
justing the  globe,  as  if 
the  screws  are  too  tightly 
set,  the  expansion  of 
the  glass,  due  to  the 
heat  of  the  flame,  being 
greater  than  that  of  the 
metal  surrounding  it, 
will  cause  it  to  crack. 

The  illuminating 
power  of  this  class  of 
burner  is  equal  to  about 
22-31  candles  per  foot 
of  gas  consumed,  and 
the  consumption  2'37 
cu.  ft.  per  hour. 

There  are  many- 
makes  of  inverted 
burner,  all  good  in  their 
way,  and  the  Star  is 
only  taken  as  an  ex- 
ample to  illustrate  the 
system  of  working. 

Where  it  is  possible 
to  make  use  of  wall- 
brackets,  the  small  in- 
verted Bijou  burner  (fig. 

978),  made  by  the  New  Fig.  979.— various  Adapters  for  inverted  Burners 

Inverted  Burner  Com- 
pany, is  strongly  recommended.    This  tiny  burner  is  only  2  in.  in  diameter, 
and,  when  fitted  with  a  suitable  globe,  measures  only  5i  in.  from  the 


Fig.  9S0.— i'lieumatio  Valve.— No.  1,  Open;  So.  /,  Closed;  JNo.  3,  Section  of  Bypass 


tapped  end  to  the  bottom  of  the  globe.  The  efficiency  of  this  burner  is 
equal  to  13  caudles  per  foot  of  gas  consumed,  and  the  consumption  is  only 
1-25  cu.  ft.  per  hour.    Four  of  these  burners  are  quite  sufficient  for  a  room 
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measuring  (say)  15  ft.  square,  and  the  cost  of  the  gas  used  (at  2s.  6d.  per 
1000  feet)  is  only  -ISd.  per  hour  for  the  four. 

If  brackets  for  upright  incandescent  burners  have  already  been  installed 
in  a  building,  and  it  is  not  desired  to  go  to  the  expense  of  purchasing  new- 
brackets  for  the  new  form  of  burner,  the  difficulty  can  be  readily  over- 


iFig  981.— Complete  Piienniatic  Hypass  aiul  Liglitiiia;  Apparatus 


come  by  the  use  of  what  is  termed  an  adapter  (fig.  979),  which  can  be 
easily  screwed  to  the  existing  bracket. 

Pneumatic  Gas-switches.  —  An  excellent  appliance  is  made  for  turning 
"off"  or  "on"  incandescent  or  other  bui-ners,  when  these  are  out  of  reach. 
The  apparatus  consists  of  a  small  pneumatic  plunger  fixed  to  the  wall  of 
the  rooi    in  a  convenient  position,  and  from  it  is  run  a  small  brass  tube. 


Fig.  9i*2. —Arrangement  of  Four  Lights  worlied  by  One  or  Two  Pneumatic  Pushes 

Avhich  is  connected  to  a  valve  box  (fig.  980)  attached  to  the  burner.  Tlie 
brass  tube  is  connected  at  D,  and  the  pressure  caused  by  pushing  tlie 
plunger,  or  the  vacuum  formed  by  pulling  it,  moves  the  sliding  valve  A 
backwards  or  forwards,  opening  or  closing  the  main  supply  of  gas  to  the 
burner,  which  is  fixed  to  the  valve  box  at  c.  The  gas  pipe  is  connected  at 
E,  and  a  small  bypass  F  (No.  3)  from  this  point  to  the  burner  supplies  the 
pilot  light,  which  ignites  the  main  supply  of  gas  when  the  valve  is  opened. 
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Fig.  981  shows  the  whole  apparatus,  the  burner  being  shown  by  dotted 
lines.  A  is  the  valve  box,  B  the  coil  of  brass  tubing,  and  C  the  pneumatic 
push.  An  arrangement  of 
four  lights,  regulated  by 
means  of  one  or  two  pushes, 
is  shown  in  fig.  982,  and  two 
varieties  of  push  are  given 
in  fig.  983. 

Owing  to  the  difficulty 
of  bending  the  brass  tubing, 
many  small  fittings  are  re- 
quired, of  which  a  few 
typical  ones  are  shown  in 
fig.  984. 

An    extension    of  this 
.system  has  been  invented,  whereby  the  lights  at  several  points  or  in 
separate  rooms  may  each  be  lighted  from  one  push.    The  push  (fig.  985) 
has  tubes  leading  from  it  to  all  the  points  controlled,  and  is  provided 


No.  1  No.  2 

Fig.  983.— Pneumatic  Puslies 

No.  1,  Electric-switch  pattern;  No.  2,  Ordinary  pattern 


Fig.  084.— Fittings  for  Pneumatic  Lighting  Apparatus 


with  a  numbei'ed  dial  and  a  pointer;  when  the  latter  is  placed  over  the 
number  of  the  room  or  point  to  be  lighted  or  shut  oflf,  and  the  push 
operated,  the  desired  result  is  obtained  at  that  place. 


Fig.  985.— Multiple-point  Pneumatic  Push 


Tests  of  Lifferent  Burners. — The  following  table  shows  the  results 
obtained  from  three  different  kinds  of  C  or  upright  mantles  burning  under 
the  best  conditions: — 
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Mantle  Tksts 


Hours  of 

Candles  per  Foot. 

Mantle 
No.  1. 

iViantle 
No.  2. 

iVlantle 
No.  3. 

50 

17*7 

18-0 

17-0 

170 

17-0 

12-0 

100 

167 

17-0 

13-3 

200 

151 

170 

14-0 

300 

12-5 

16-0 

9-5 

400 

11-5 

1.5-0 

8-0 

500 

10-5 

14-9 

8-0 

600 

9-0 

14-5 

mantle 

700 

7-2 

14-3 

broke. 

800 

7-0 

12-0 

900 

6-0 

110 

1000 

6-0 

9-0 

It  will  be  seen  that  all  mantles  do  not  give  tlie  same,  or  even  regular, 
illumination  when  burnt  for  any  length  of  time,  and  some  increase  in  value 
after  starting,  and  then  suddenly  drop  very  considerably.  An  ordinary 
C  incandescent  burner  may,  however,  be  expected  under  good  conditions 
to  give  an  illuminating  power  of  18  candles  per  foot  of  gas  used  to  start 
with,  and  to  consume  3-75  cu.  ft.  of  gas  per  hour  witli  a  regular  pressure  of 
(say)  2  in. 

The  following  table  gives  a  comparison  between  flat-flame  burners  of 
good  type  and  incandescent  burners,  and  shows  a  saving  in  favour  of  the 
latter  of  26  per  cent  as  regards  cost: — 


Hours 
in  Use. 

Total 
Consump- 
tion. 

Consump- 
tion per 
Hour. 

Cost  of  Gas 
at  2s.  3rf. 
per  1000  Ft. 

Main- 
tenance 
Charge. 

Total 
Cost. 

cu.  ft. 

cu.  ft. 

s.  d. 

s.  d. 

s.  d. 

Flat  flame 

18 

6400 

5-83 

14  5 

14  5 

Incandescent  C  ... 

18 

3400 

3-70 

7  8 

3  0 

10  8 

Tlie  table  below  shows  the  light  given  by  three  different  kinds  of 
inverted  burners. 


Burner. 

Ga.s  Consumed. 

Illuminating  Power. 

Bray's  ... 

Star  (with  3-hnle  nipple) 
Star  (with  1-hole  nipple) 

3-25  cu.  ft.  per  hour. 
2-3 

20  candles  per  foot. 
00.3 1 

24-02 

When  selecting  globes  for  gas  brackets  or  pendants,  care  should  be 
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Fig.  988.  -Humphrey  Lamp  with  Parts  in  Detail 
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exercised  as  to  choice  of  colour  and  material,  as  some  globes  prevent  the 
transmission  of  light  to  a  greater  degree  than  others. 

Clear  glass  intercepts  10'57  per  cent  of  light. 

Entirely  ground  glass  intercepts  29'48  per  cent  of  light. 

Smooth  opal  intercepts  52-83  per  cent  of  hght. 

Ground  opal  intercepts  55'85  per  cent  of  light. 

Ground  opal  with  painted  design  intercepts  73'98  per  cent  of  light. 

The  above  figures  are  extracted  from  King's 
Treatise  on  Coal  Gas. 

Lamps  for  lig^hting  shop  windows  externally  are 
designed  to  display  the  names  of  the  shopkeepers 
and  the  nature  of  their  goods.  The  lamp  illus- 
trated in  fig.  986  is  a  very  efficient  one  of  its  kind, 
and  has  facilities  for  cleaning  and  attending  to  the 
burner,  which  of  course  is  incandescent.  The  shop- 
keeper's name,  or  other  information  which  it  is 
=»  desired  to  display,  can  be  painted  upon  the  opal 
reflector,  which  brilliantly  lights  up  the  shop  win- 
dow. The  Rennie  M  lamp  (fig.  987)  is  another 
form  often  met  with. 

For  halls  and  entrances  where  high- power  lights 
are  i  equired  the  Humphrey  is  a  most  suitable  lamp. 
It  consumes  from  16  to  18  cu.  ft.  of  gas  per  hour, 
and  compares  very  favourably  with  the  electric 
arc.  The  lamp  itself  is  shown  in  fig.  988,  and 
some  of  its  component  parts  in  detail. 


Fig.  989.— South  London  Gas  Lamp 


Fig  990.— Section  of  Street-lamp  Bypass 


Bypass  for  Street  Lamps. — A  most  efficient  form  of  street  lighting'  is  to 
be  met  with  in  South  London,  where  in  the  main  thoroughfares  are  fixed 
the  Eddystone  lamp  columns  surmounted  by  the  South  London  lamp,  fitted 
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with  a  Welsbach  Kern  incandescent  burner  No.  4,  as  shown  in  fig.  j)89. 
Each  burner  is  governed  to  consume  only  a  certain  amount  of  gas,  this 
quantity  being  such  as  shall  give  the  best  lighting  power,  and  each  is 
mounted  upon  a  special  bypass  tap  so  arranged  that  the  lamplighter  has 
only  to  push  the  tap  with  his  rod,  when  the  gas  is  turned  on  to  the  burner, 
and  a  flash  of  light  about  2  in.  long  shoots  across  the  top  of  the  chimney 
and  disappears  after  igniting  the  gas  to  the  mantle.  The  working  of  this 
bypass  can  be  understood  by  reference  to  fig.  990.  The  main  cock  B  and  c 
is  so  arranged  that  when  the  tap  is  turned  on,  gas  is  admitted  for  a  moment 
only  to  the  bypass  c  before  it  is  admitted  to  the  burner;  A  is  an  auxiliary 


Fig.  991.— i'lash  Light  of  Bypass  Fig.  992. — Burner  for  Keith-Blackman  High-pressure  Gas  Ligliting 


bypass  for  a  small  pilot  light,  which  is  always  burning.  The  tops  of  the 
two  bypass  pipes  are  arranged  so  that  when  gas  is  admitted  to  the  pipe  c 
it  passes  over  the  small  pilot  light  A,  and  is  ignited  as  shown  in  fig.  991. 

The  Keith-Blackman  system  of  high-pressure  gas  lighting  is  a  system 
whereby  the  illuminating  power  of  the  gas  is  increased  to  a  very  high 
degree  by  the  gas  being  supplied  to  the  burner  at  a  high  pressure,  and 
being  thoroughly  incorporated  with  the  necessary  quantity  of  air  in  the 
mixing  chamber  of  the  burner  tube.  The  system  is  only  suitable  for  out- 
side and  street  lighting,  and  for  large  public  halls  and  factories. 

The  form  of  the  burner  is  shown  in  fig.  992.  The  nipple  A,  through 
which  the  gas  issues  to  the  burner,  is  adjusted  at  the  maker's  works  to 
suit  the  quality  of  the  gas  supplied  in  the  district  where  it  is  to  be  fixed. 
When  fixing  the  burner  it  is  important  to  see  that  the  jet  of  gas  B,  issuing 
from  the  gauze  screen  H,  is  perfectly  straight  and  vertical,  as  a  very  slight 
divergence  will  spoil  the  shape  of  the  flame  and  reduce  the  efiiciency  of 
the  burner. 

If  the  issue  of  the  gas,  and  the  mixture  of  gas  and  air,  are  properly 
adjusted,  the  resulting  flame  should  be  almost  colourless  with  a  slight  tinge 
of  violet,  and  at  the  base  of  the  flame  there  should  be  a  number  of  small 
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iDi'ight  blue  points  C,  distributed  equally  over  the  surface  of  the  gauze 
about  I  of  an  inch  in  length.  If  too  little  air  is  admitted  to  the  burner 
the  points  will  attain  a  green  tinge,  and  if  too  much  air  is  admitted  they 
will  become  considerably  longer.  The  mantle  is  supported  by  the  rod  E, 
which  is  fixed  to  the  brass  case  D  by  the  set-screw  F.  A  new  mantle,  after 
being  placed  in  position,  should  be  burned  off  by  igniting  it  at  the  bottom, 


and  should  then  be  worked  on  the  low-pressure  gas  for  a  time  before  the 
high-pi-essure  gas  is  given  to  it.  To  obtain  the  best  lighting  effect  a  milled 
screw  or  air-regulator  G  is  provided  whereby  more  or  less  air  can  be  given 
to  the  burner;  when  the  point  of  greatest  efficiency  has  been  found  this 
screw  should  be  tightened,  and  no  further  attention  to  the  burner  should 
be  necessary. 

One  set  of  the  necessary  compressing  apparatus  (fig.  993)  creates  a  con- 
tinuous pressure  equal  to  a  10-inch  column  of  water,  and  the  burner  has 
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a  consumption  of  just  over  10  cubic  feet  of  gas  per  hour,  or  (say)  1  cubic 
foot  per  hour  for  each  inch  of  pressure.  The  consumption  of  gas  varies, 
however,  as  the  pressure  increases;  for  example,  with  a  pressure  of  12 
inches  the  consumption  of  the  burner  becomes  15  cubic  feet  per  hour.  The 
lighting  effect  of  the  burner  is  28  candles  per  cubic  foot  consumed  pe)- 
hour,  and  if  10  cubic  feet  are  consumed  the  total  lighting  effect  of  each 
burner  is  (say)  280  candles. 

The  cost  of  producing  this  high-pressure  gas  differs  according  to  the 
motive  power  employed  to  work  the  compressing  apparatus.  If  water  is 
used  to  drive  a  water  motor,  the  heavy  charges  for  water  make  the  cost 
of  running  the  apparatus  about  5d.  per  1000  cubic  feet  of  gas  compressed, 
but  by  the  use  of  a  small  gas  engine  of  a  nominal  1  horse-power  value  this 
cost  is  reduced  to  '55d.  per  1000  cubic  feet  of  gas  compressed.  The  com- 
pressing capacity  of  the  No.  3  apparatus,  shown  in  the  illustration,  is 
500  cubic  feet  of  gas  per  hour,  giving  a  continuous  pressure  of  10  inches, 
provided  that  the  500  cubic  feet  per  hour  are  not  exceeded. 

No  special  foundations  are  necessary  for  the  installation  of  the  apparatus, 
but  it  is  found  advantageous  to  raise  it  a  few  inches  above  the  floor  level 
on  some  sound  runners  of  timber. 

Either  a  wet  or  dry  meter  may  be  eniployed  having  a  capacity  of  200 
to  250  lights,  and  this  should  be  fixed  only  a  few  feet  away  from  the 
compressor.  The  internal  diameter  of  the  gas  supply  pipes  both  to  and 
from  the  meter  should  not  be  less  than  li  in. 


CHAPTER  VI 

GAS  FIEES  AND  STOVES 

Burners  for  gas  fires  and  stoves  may  be  divided 
into  two  classes — (1)  Those  in  which  no  air  is 
mixed  with  the  gas  before  ignition,  and  which 
consequent!}^  have  luminous  flames;  and  (2)  those 
having  an  air  supply  for  combustion,  and  for 
which  a  mixing  chamber  is  provided. 

The  heating  powers  of  the  two  kinds  of  flame, 
viz.  the  luminous  flame  and  the  Bunsen  flame,  are 
precisely  the  same  per  cubic  foot  of  gas  con- 
sumed if  proper  conditions  are  observed  in  the 
burning  in  both  cases. 

Of  the  luminous -flame  stoves  there  are  two 
kinds  in  general  use.  The  first  kind  has  an  iron 
or  glazed  earthenware  casing  (fig.  994)  containing 
a  curved  sheet  of  copper,  in  front  of  which  a  row 
of  gas  burners  is  usually  placed.  The  heat  is  obtained  by  refraction 
from  the  copper,  and  radiation  and  conduction  from  the  casing.  Tliese 
stoves  are,  as  a  rule,  used  only  in  places  where  it  is  impossible  to  arrange 


Fig.  994. — Riidiating  luminous 
Gas  Fire 
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foi-  a  flue.  They  vitiate  the  atmosphere  in  the 
same  way  a-;  ordinary  gas  lights,  and  do  not  supply 
very  much  warmth. 

Conden  ing  stoves,  of  which  one  variety  is  shown 
in  tig.  995,  condense  about  1  pt.  of  water  for  every 
30  cu.  ft.  of  gas  consumed,  the  hydrogen  in  the  gas 
uniting  with  the  oxygen  of  the  air  to  form  "water. 
The  bui-nei  s  in  most  of  the  stoves  are  of  the  Argand 
type,  and  the  products  of  combustion  are  carried 
up  and  down  through  a  series  of  tubes  until  their 
temperature  becomes  suflSciently  reduced  for  the 
water  vapour  to  condense.  The  water,  which 
trickles  down  the  tubes  and  is  collected  in  a  pan 
at  the  foot  of  the  stove,  is  not  pure,  but  contains 
sulphur  compounds  and  other  impurities.  When 
coal  gas  is  burnt,  carbonic  acid  gas  is  always 
formed,  and  in  these  stoves  this  is  not  condensed 
or  absorbed  by  the  water.  The  stoves,  therefore, 
should  never  be  used  in  dwelling  rooms,  unless 
connected  to  a  flue.  They  are  necessarily  large, 
because  so  much  surface  has  to  be  provided  for  the 
condensation  of  the  products  of  combustion. 

Condensing  stoves  are  also  fitted  with  a  grate 
containing  asbestos  fire  balls  (fig.  996),  the  flame  being  the  non-luminous  or 
Bunsen  kind.  The  gas  consumption  is  greater  in  these  than  in  the  stoves 
previously  mentioned,  becavise  this  class  is  intended  for  warming  halk  and 


Fig.  995.— Tubular  Condensing 
Gas  Heatei'  (Luminous) 


Fig.  996.— Tubular  Condensing  Gas  Heater  (Non-luminous) 


Fig  997.— Gas  Steam  Biidiators 
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rooms  of  fairly  large  dimensions.  In  other  respects,  what  has  been  said 
above  with  reference  to  the  luminous  condensing  stoves  is  equally  appli- 
cable to  these. 

Another  form  of  condensing  stove,  known  as  the  radiator  pattern,  has 
tlie  same  failings  as  those  previously  described.  Fig.  997  shows  a  group  of 
three  sizes. 

No  gas  stove  should  be  placed  in  a  dwelling  room  without  being  con- 
nected to  a  flue  to  carry  away  the  products  of  combustion.  Many  so-called 
condensing  stoves  ai'e  recommended  as  being  capable  of  burning  gas  without 
vitiating  the  atmosphere,  but  such  a  statement  is  not  correct. 


Fig.  998.— Gas  Fire  with  Heating  Tubes 


The  fuel-ball  fire  is  the  best,  both  from  a  heating  point  of  view  and  from 
that  of  economy.  Such  fires  are  made  as  nearly  as  possible  to  match  the 
ordinary  coal  fire  and  grate. 

The  gas  burner,  which  is  of  the  Bunsen  type,  is  placed  at  the  bottom  of 
the  grate,  and  the  grate  itself  is  filled  with  irregular  balls  made  of  incom- 
bustible material,  such  as  fireclay  or  fireclay  and  suitable  silicates,  and 
some  have  threads  of  asbestos  fibre  intermingled  to  give  iridescent  points 
to  the  hot  fuel.  The  gas  is  burnt  in  the  grate  of  the  fire,  and  the  hot  waste 
products,  after  partially  spending  themselves  in  heating  the  balls  to  incan- 
descence, travel  through  tubes  so  arranged  that  much  of  the  heat  left  is 
utilized  in  warming  the  casing.  The  fumes  are  conveyed  to  a  flue  entering 
the  chimney,  as  shown  in  fig.  998. 

The  course  of  the  waste  heat  from  the  burner  will  readily  be  traced  by 
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means  of  the  letters  in  the  two  sections.  The  waste  heat  warms  tlie  air 
chambers  and  ducts,  and  consequently  causes  a  current  of  pure  hot  air  tc 
enter  the  room  from  the  top  of  the  iron  casing.  The  burner  itself,  shown 
in  plan  and  section  in  fig.  999,  is  arranged  to  ensure  the  proper  mixing  of 
the  gas  and  air  before  ignition  takes  place. 

When  one  of  these  fires  is  fitted  in  a  room  with  a  fireplace,  much  greater 
heat  will  be  obtained  if  it  is  placed  in  front  of  the  existing  grate  and  a 


Fig.  999.— Burner  for  Gas  Fire 


piece  of  sheet  iron  fixed  across  the  old  opening,  than  if  this  were  left  open, 
for  much  of  the  heat  derived  from  the  hot-air  chambers  will  in  the  latter 
case  be  drawn  up  the  chimney  by  the  draught  caused  by  the  escape  of  the 
products  of  combustion.  A  hole  will  be  required  in  the  sheet  iron  for 
the  exit  flue  of  the  gas  fire  to  pass  through,  and  on  the  end  of  this  flue 
should  be  fixed  an  elbow  extending  about  a  foot  up  the  chimney. 

With  the  supply  full  on,  a  fire  of  this  kind  consumes  from  50  to  60 
cu.  ft.  of  gas  per  hour,  but  when  once  the  fuel  balls  have  been  raised  tc 
  red  heat,  the  supply  may  be  turned 


oflf  until  no  blue  flame  is  visible 
above  them.  If  this  is  done,  the  gas 
consumption  may  easily  be  reduced 
by  one-half. 

When  starting  a  gas  fire,  the  gas 
should  not  at  once  be  turned  full  on, 
as,  owing  to  the  low  temperature  of 
the  materials,  there  is  often  a  lack  of 
draught  which  results  in  the  pro- 


Fig  1000.— Two  Burners  for  Ordinary  Fire  Grates       ducts    of    combustion    entering  the 

room  and  causing  an  unpleasant 
smell.  To  avoid  this  the  supply  should  be  turned  partly  on  until  the 
clinkers  begin  to  get  hot,  when  a  draught  will  be  caused,  and  the  supply 
may  then  be  turned  full  on,  and  may  be  reduced  again  when  the  required 
degree  of  incandescence  has  been  obtained. 

Such  a  gas  fi)-e  as  that  just  described  will  heat  a  room  (say)  16  ft. 
squai-e  efticiently,  and  taking  the  cost  of  gas  at  2s.  3d.  per  1000  cu.  ft.  (at 
which  figure  it  is  now  supplied  in  South  London),  and  allowing  for  the 
supply  being  full  on  for  (say)  the  first  hour,  the  cost  will  be  just  over  I  7d. 
for  the  first  hour,  and  this  is  easily  reduced  to  '85d.  per  hour  for  the 
following  hours  during  which  the  tire  is  burning. 

Another  form  of  hall  fire  (fig.  1000)  consists  of  a  speciall}^  made  burner 
which  will  fit  all  ordinary  fire  grates,  and  is  placed  immediately  under  one 
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Pointer 
on  &,  off 


of  these  with  the  burner  apertures  just  protruding  through  the  grate 
bottom.  The  grate  is  filled  with  tlie  refractory  balls.  The  exit  flue  or 
register  of  the  fireplace  should  be  ad- 
justed so  that  the  products  of  combus- 
tion are  all  carried  away  without  undue 
waste  of  heat.  The  writer  has  had  ex- 
perience of  such  a  fire  in  a  room  measur- 
ing 15  ft.  by  17  ft,  and  13  ft.  high, 
which  is  efficiently  warmed  with  a  gas 
consumption  of  only  27  cu.  ft.  per  hour. 
This  represents  a  heating  cost  of  'Ibd.  per 
hour  with  gas  at  2s.  3ci5.  per  1000  cu.  ft. 

The  taps  provided  for  turning  the 
gas  off'  and  on  should  be  sunk  in  the 
floor,  to  prevent  the  risk  of  their  being- 
turned  by  an  accidental  knock  or  kick. 
Small  hinged  disc  plates  are  cast  with 
the  word  GAS  in  relief.    They  are  let  in  rig.  looi.-staiidi^d  Gas  cock 

flush  with  the  flxDor  boards,  and  give 

sufficient  room  for  the  fingers  and  thumb  to  be  inserted  to  turn  the  tap 


Fig.  ]  002. -  Sections  of  Lras  Cooking  Stove 


or,  should  the  tap  be  too  low  down  for  this,  a  box  spanner  is  provided 
which  fits  the  top  of  the  cock  below.    A  more  convenient  arrangement  is 
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the  extended  gas-fire  tap  (fig.  1001).  This  consists  of  a  stand  pipe,  usually 
of  brass,  through  which  runs  a  solid  rod  on  the  end  of  which  is  the  box 
spanner.  On  the  top  of  the  stand  pipe  and  attached  to  the  spanner  rod  is 
a  handle  which  works  over  a  dial  indicating  "  on  "  and  "  oflT".  The  whole 
apparatus  is  firmly  screwed  to  the  floor  boards.  It  has  an  opening  at  A 
(fig.  1001),  with  a  duplicate  handle  attached  to  the  spanner  rod,  so  that 
the  cock  can  be  turned  by  anyone  who  is  stooping  to  light  the  fire. 

Gas  Cooking  Stoves. — One  of  these  is  illustrated  in  fig.  1002.  The  hot 
plate  has  three  ring  burners  and  a  griller  with  every  convenience  for 
removing  the  burners  for  cleaning  purposes,  and  the  oven  portion  is 
fitted  with  two  burners  running  along  the  sides  at  the  bottom,  and  with 
detachable  side  pieces,  which  can  be  taken  out  for  the  same  reason  as  the 
burners.  The  sides  of  most  gas  cooking  stoves  are  double,  the  space 
between  the  two  thicknesses  of  metal  being  packed  with  slag  wool  to 
prevent  waste  of  heat  by  radiation.  The  stoves  are  made  of  cast  iron, 
the  sides,  back,  top  plate,  fee,  being  held  together  by  screws  and  nuts.  The 
oven  is  fitted  with  an  outlet  at  the  top,  and  the  fumes  from  it  are  con- 
ducted through  a  fume  chamber  to  pi'eserve  as  much  heat  as  possible.  All 
the  parts,  as  far  as  possible,  are  made  so  that  they  can  be  readily  removed 
for  cleaning,  or  replaced  should  they  be  broken  or  worn  out  with  use. 


CHAPTER  VII 

ACETYLENE  GAS 

Composition. — According  to  Berthelot,  this  gas  is  composed,  when  in  the 
pure  state,  of  92  8  per  cent  of  carbon  and  I'l  per  cent  of  hydrogen,  the 
carbon  being  to  the  hydrogen  as  12  to  1.  The  chemical  formula  is  CgHg. 
Professor  Lewes,  who  is  one  of  the  greatest  authorities  on  this  subject, 
finds  that  at  15°  C.  (59°  F.),  and  under  a  pressure  of  760  mm.  (29'6  in.), 
10  volumes  of  water  will  dissolve  11  volumes  of  acetylene.  The  gas  is 
generated  by  the  chemical  action  of  water  on  calcium  carbide,  a  pound 
of  pure  calcium  carbide  yielding  about  5'82  cu.  ft.  of  acetylene  gas. 

Calcium  carbide  is  manufactured  with  the  aid  of  electric  furnaces  which 
bring  about  the  direct  combination  of  calcium  and  carbon.  Its  chemical 
formula  is  CaC.,,  and  it  consists,  when  pure,  of  62'5  per  cent  by  weight  of 
calcium,  combined  with  37'5  per  cent  of  carbon.  It  is  described  by  Lewes 
as  a  "beautiful  crystalline  semi -metallic -looking  solid",  and  is  neither 
explosive  nor  inflammable,  but  when  exposed  to  the  atmosphere  it  quickly 
changes  into  powder,  this  change  being  due  to  the  moisture  present  in  the 
atmosphere.  As  stated  above,  the  electric  furnace  is  employed  to  obtain 
the  heat  necessary  for  the  combination  of  the  calcium  and  the  carbon. 
Freshly  burnt  lime  (calcium  oxide)  and  carbon  of  the  purest  forms  obtain- 
able must  be  used,  for  reasons  which  will  be  dealt  with  later.  The  carbon 
may  be  foundry  coke,  anthracite  coal,  or  charcoal.    Gas  coke  is  not  suitable 
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on  account  of  the  sulphur  which  it  contains.  The  lime  and  carbon  are 
mixed  approximately  in  the  proportion  of  100  parts  by  weight  of  lime  to 
70  parts  of  carbon,  and  ground  to  a  fine  powder  before  being  placed  in  the 
furnace. 

In  packing  carbide  every  care  must  be  taken  to  exclude  the  air,  and  to 
do  this  the  drums  or  canisters  are  heated,  and  the  material  packed  in  them, 
and  air-tight  lids  put  on  while  they  are  still  warm.  In  this  way  no  air  of 
a  moist  nature  is  surrounding  the  carbide.  Carbide  is  seldom  packed  in 
quantities  of  more  than  1  cwt.,  and  the  drums  are  specially  strong,  as  the 
material  is  heavy.  When  several  drums  or  smaller  canisters  are  stored, 
great  care  should  be  exer- 
cised to  see  that  efficient 
ventilation  is  provided,  so 
as  to  prevent  the  risk  of 
any  explosion  by  slight  or 
undetected  escapes  of  the 
gas  from  defective  pack- 
ages. 


Fig.  1003. — Forbes's  Acetylene  Generator 


Generators. — To  generate  acetylene  gas  all  that  is  required  is  an  appa- 
ratus which  will  bring  water  into  contact  with  calcium  carbide  in  some 
suitable  manner.  This  is  accomplished  by  generators,  which  may  be  of  two 
kinds: — 

(1)  Those  in  which  water  is  brought  into  contact  with  the  carbide,  the 
carbide  being  in  excess  during  the  first  pai't  of  the  operation;  and  (2)  those 
in  which  the  carbide  is  dropped  into  the  water,  the  water  being  in  excess. 

The  first  class  may  be  sub-divided  into  (a)  generators  in  which  the 
water  rises  to  the  carbide,  (b)  those  in  which  it  drips  on  to  the  carbide,  and 
(c)  those  in  which  a  vessel  full  of  carbide  is  lowered  into  the  water  and 
withdrawn  as  the  pressure  of  gas  becomes  excessive.  Some  generators  are 
designed  with  the  idea  of  making  the  gas  as  it  is  consumed,  so  as  to  do 
away  with  the  necessity  of  a  holder  and  so  save  space,  and  others  with 
devices  for  regulating  and  stopping  the  generating  process  at  will.  These 
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are  termed  automatic.  Other  generators  fill  or  supply  a  storage  holder, 
and  are  termed  non-automatic. 

The  first  automatic  generator  was  of  the  drip  type,  and  was  made  by 
Gearing  in  1895.  It  consisted  of  an  apparatus  in  which  water  was  allowed 
to  drip  upon  carbide  contained  in  a  water-sealed  generator.  The  gas  was 
led  throug-h  a  condenser  into  a  holder,  the  risino-  bell  of  which  cut  off  the 
water  supply  when  the  bell  was  about  two-thirds  full  of  gas.  As  the  gas 
was  used  from  the  holder  the  bell  descended  and  turned  the  water  on  again. 

A  newer  form  of  generator,  designed  and  patexited  by  Sir  Cliarles 
Forbes,  is  shown  in  fig.  1003.     The  generator  A  consists  of  a  cylinder 

closed  at  one  end  and  having  a  cover  B  on  the 
other,  which  is  clamped  against  an  indiarubber 
wasiier  c,  by  means  of  the  screw  B^.  On  the 
top  of  this  is  a  water  vessel  D,  containing  an 
inverted  gas  bell  E,  supported  on  and  fixed  to 
a  wide  pipe  F,  which  passes  up  inside  the  in- 
verted gas  bell,  neax-ly  to  the  top.  The  bell  is 
supported  in  position  in  the  tank  by  means  of 
a  cone  G  formed  on  the  upright  pipe,  which  also 
acts  as  a  valve  for  cutting  off"  the  water  when 
recharging,  or  for  stopping  the  action  of  the 
generator.  The  automatic  action  of  the  gener- 
ator does  not,  however,  depend  upon  this  valve. 
When  the  carbide-container  is  charged,  and  the 
tank  above  filled  to  the  required  level  with 
water,  which  may  be  done  by  hand  or  by  a 
supply  tank,  the  water  rises  below  the  lower 
edge  of  the  inverted  gas  bell  until  it  reaches  a 
small  tube  H,  which  is  screwed  through  the  side 
of  the  upright  pipe  and  is  bent  over  inside  it; 
from  this  pipe  the  water  drips  into  the  centre 
of  the  carbide-container  beneath  it. 
The  carbide-container  is  provided  with  a  V-shaped  channel  K  in  the 
centre,  so  that  no  carbide  can  be  placed  immediately  under  the  drip. 
When  the  water  enters  the  channel  it  spreads  both  ways  and  slowly 
attacks  the  carbide,  and  the  gas  generated  passes  in  at  the  top  of  the 
cooling  coil  N  (which  is  surrounded  by  water),  and  is  discharged  through 
a  small  quantity  of  water  in  the  washer  o,  from  which  it  is  conveyed  to 
the  holder,  p.  As  the  holder  rises,  its  gradually  increasing  weight  counter- 
balances the  head  of  water  in  the  water  vessel  D,  and  the  water  under  the 
bell  is  automatically  displaced  by  gas  until  the  level  is  below  that  of  the 
small  dripping  tube.  The  flow  of  water  then  ceases,  and  no  more  gas  is 
generated  until  the  holder  falls  below  the  counterbalancing  point. 

Sometimes  in  this  class  of  generator  ti-ouble  is  caused  by  the  lime  of 
the  carbide  forming  a  wet  mass  and  preventing  the  water  which  drips 
upon  it  from  attacking  the  unspent  carbide.  To  guard  against  this  the 
generator  and  its  water  supply  are  sometimes  separated  from  the  car- 
bide-holder, as  in  fig.  lOOi.     The  water  tank  A  is  above  the  generator, 


-Generator  with  Revolving 
Cylinder 
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find  the  water  drips  through  a  fine  gauze  screen  B  in  many  small  streams 
on  to  the  carbide  contained  in  the  revolving  cylinder  c,  and  the  gas  passes 
through  the  pipe  G  to  the  holder.  By  turning  the  handle  D  the  spent 
carbide  can  be  emptied  out  of  the  cylinder  into  the  lower  part  E  of  the 
generator,  from  which  it  can  be  removed  tlirough  the  gas-tight  door  F. 

Another  type  of  generator  is  shown  in  Fig.  1005.  Water  is  admitted  to 
the  generator  A,  containing  the  carbide,  by  the  cock  H,  and  the  gas  formed 
passes  through  the  coil  of  pipe  in  the 
■water  cistern  C,  so  that  any  moisture 


Fig.  1005.— Automatic  Generator 


B'ig.  1006.— The  Acetylite  Generator 


in  the  gas  is  condensed  and  runs  back  into  the  generator  through  the  pipe 
J,  while  the  gas  passes  on  to  the  service  pipes.  Should  there  be  any  excess 
of  pressure  in  the  generator  it  drives  the  water  back  into  the  lower  holder 
B,  and  the  excess  of  gas,  also  passing  through  the  same  tube  and  col- 
lecting in  B,  drives  the  water  from  B  through  the  pipe  K  into  the  coil 
cistern  c.  Consequently  the  tank  B  acts  as  a  displacement  holder,  the 
pressure  in  which  increases  with  the  depth  of  the  water  driven  up  into  the 
cistern  c.  As  soon  as  the  consumption  exceeds  the  generation,  the  acety- 
lene stored  in  the  displacement  holder  passes  through  the  generator  into 
the  coil,  and  is  followed  by  the  water  for  the  formation  of  more  gas. 

The  Acetylite  Generator  (fig.  1006)  is  of  that  class  which  allows  the 
carbide  to  drop  into  the  water.  It  consists  of  an  inner  and  an  outer 
tank  placed  on  a  base  plate,  with  a  gas  bell  fitting  betvt'een  the  two. 
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This  has  a  neck  of  smaller  diameter  c  (closed  at  the  top  by  a  gas-tight 
cover  with  screw  clamp)  in  which  is  hung  a  conical  carbide  hopper  fitted 
at  the  bottom  with  a  conical  valve  D,  which  rests  on  a  suitable  seating 
and  has  attached  to  its  under  side  a  rod  and  weight  w.  From  the  crown 
of  the  gas  bell  is  hung  a  perforated  grid  E,  fitting  in  the  inner  tank,  into 
which  it  projects  when  the  bell  is  in  place;  the  gas  exit  pipe  and  raising 
rod  pass  through  holes  in  the  grid.  On  the  base  plate  water,  gas,  and 
sludge  cocks  are  fitted.  Granulated  carbide  is  placed  in  the  hopper  of 
the  gas  bell,  and  as  the  latter  sinks,  the  weight  on  the  end  of  the  valve 
rod  sti'ikes  the  raising  rod  G,  lifting  the  valve  and  allowing  some  of  the 
carbide  to  drop  into  the  water.  The  gas  then  generated  raises  the  holder 
and  stops  the  fall  of  carbide  by  causing  the  valve  to  shut  until  the  gas 

is  used  and  the  bell  descends  again. 

The  chief  points  to  be  taken  into 
consideration  when  selecting'  or  de- 
signing  a  generator  are: — 1.  That 
the  temperature  of  the  gas  should 
be  low;  2.  That  the  carbide  should 
attain  complete  decomposition;  3. 
That  there  should  be  low  pressure  in 
every  part  of  the  apparatus;  and  4. 
That  there  should  be  facilities  for 
the  complete  removal  of  air  from 
the  apparatus  before  the  generation 
of  gas  takes  place. 

As  considerable  heat  is  evolved 
when  carbide  of  calcium  is  acted 
upon  by  water,  arrangements  for 
cooling  the  gas  before  it  enters  the 
holder  are  necessary.  The  quantity  of  water  required  per  pound  of  car- 
bide used  varies  according  to  the  type  of  generator.  In  the  drip  type 
about  1  pt.  of  water  to  every  pound  of  carbide  is  required. 

Acetylene  is  adaptable  for  use  in  cycling  lamps,  and  fig.  1007  shows  a 
lamp  known  as  the  "  Phenomenon  ".  The  chamber  A  is  filled  with  water 
through  the  milled  screw  I.  The  water  is  prevented  from  leaving  this 
chamber  by  the  screwdown  valve  B,  which  is  actuated  by  the  fly-nut  G, 
and  screwed  down  on  to  its  seating  at  K.  The  bottom  portion  of  the 
lamp  L  is  capable  of  being  removed,  and  with  it  the  inner  cup  c.  This 
inner  cup  has,  fixed  to  the  bottom  of  it  in  its  centre,  an  upright  per- 
forated tube  N,  which  the  tube  M  enters.  The  carbide  is  placed  around 
the  tube  N,  and  the  water  supply,  regulated  by  the  valve  B  and  the  nut 
G,  fills  the  perforated  tube  and  percolates  through  it  to  the  carbide.  The 
gas  formed  is  filtered  through  a  pad  of  soft  wool  D,  and  passes  into  the  pipe 
o  which  leads  to  the  burner  E.  The  combustion  chamber  is  arranged  as  a 
reflector,  through  which  the  burner  passes  near  the  bottom,  and  at  the  top 
of  the  lamp  is  a  protected  opening  for  the  escape  of  the  heated  gases.  The 
front  H  is  glazed,  and  has  air  inlets  around  it.  The  lamp  is  fixed  to  the 
cycle  in  the  usual  way  by  the  spring  supports  J. 


Fig.  1007.— Aeetylene  Bicycle  Lamp  (Section) 
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Removal  of  Impurities. — As  previously  stated,  it  is  absolutely  essential 
that  acetylene  gas  should  be  of  the  gi-eatest  purity  possible,  and  to  ensure 
this  the  best  carbide  should  be  used.  The  impurities  to  be  met  with  in 
commercial  carbide  consist  principally  of  calcium  phosphide,  calcium 
cyanide,  aluminium  sulphide,  and  magnesium  nitride,  which,  when  decom- 
posed by  water,  will  form  phosphoretted  hydrogen,  sulphuretted  hydrogen, 
and  ammonia,  mixed  with  the  pure  acetylene.  Phosphoretted  hydrogen, 
when  burning  in  the  acetylene  flame,  forms  phosphorus  pentoxide,  which 
escapes  into  the  atmosphere.  This  mixes  with  the  water  vapour  always 
present  in  the  air  of  rooms,  and  becomes  phosphoric  acid,  which  is  injurious 
to  health.  The  best  method  to  adopt  for  the  removal  of  these  impurities 
is  that  advocated  by  Mr.  W.  J.  A.  Buttertield,  and  is  as  follows.  In  the 
first  place  the  acetylene  gas,  as  generated  and  cooled  by  the  cooling  coil, 
is  passed  through  a  washer  containing  water,  which  rids  it  of  most  of 
the  ammonia  and  part  of  the  sulphuretted  hydrogen  present.  It  is  next 
passed  through  a  vessel  charged  with  lime  to  remove  all  traces  of  the 
ammonia,  and  afterwards  through  another  vessel  containing 
chloride  of  lime.  This  latter  extracts  the  phos- 
phoretted hydrogen  and  also  the  remainder  of 
the  sulphuretted  hydrogen.  If  the  acetylene 
were  not  passed  through  the  vessel  charged 
with  lime,  the  ammonia  would  combine  with 
the  chloride  of  lime,  forming  chloinde  of 
nitrogen,  which  is  one  of  the  most  explosive 
compounds  known. 

Burners. — The  rules  to  be  observed  in  order 
to  ensure  the  proper  combustion  of  coal  gas 
apply  in  the  case  of  acetylene  also.    The  pres- 
sure must  be  regulated  and  the  necessary  air  supply  arranged.  Practically 
the  largest  acetylene  burner  that  can  be  used  for  domestic  purposes  is 
one  consuming  1  cu.  ft.  of  gas  per  hour.    This  gives  a  lighting  value  of 
about  32  candles  per  foot. 

The  difficulty  at  first  met  with  in  the  use  of  acetylene  was  the  formation 
of  carbon  on  most  of  the  burners  used,  with  the  result  that  smoke  was  given 
oflT.  Now,  however,  many  burners  have  been  invented  which  prevent  this 
trouble.  Billwiller's  may  be  taken  as  a  good  example  (fig.  1008).  Two  jets 
are  provided,  so  that  each  flame  impinges  upon  the  other.  The  jets  are 
placed  far  apart  in  order  to  obtain  the  air  necessary  for  proper  combustion 
and  to  keep  the  gas  cool.  Immediately  above  the  gas  orifice  in  the  steatite 
burner  a  small  platinum  plate,  having  an  orifice  rather  larger  than  that  in 
the  steatite,  is  fixed  at  a  distance  of  about  '5  mm.  The  gas,  issuing  from 
the  hole  in  the  steatite,  rushes  through  the  hole  in  the  platinum  above,  and 
draws  air  in  under  the  platinum  plate,  thus  keeping  the  point  of  ignition 
cool  and  preventing  the  formation  of  carbon.  All  acetylene  burners  supplied 
now  have  provision  made  for  an  extra  supply  of  air  for  the  burner  by 
means  of  holes,  which  are  usually  drilled  in  opposite  sides  of  the  burner,  as 
shown  in  fig.  1009,  and  in  such  a  manner  that  the  air  plays  immediately 
upon  the  flame  and  cools  the  burner  at  the  lighting  point  at  the  same  time. 


Fig.  1008.— Bill- 
willer's Acetylene 
Burner 


Fig.  1009.— Acety- 
lene Burner 
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Dr.  P.  Wolff  {Zeitschrift  filr  Beleuchtmigswesen,  1898,  p.  24)  states  that 
\\  ith  a  Bray's  burner,  No.  0000,  burning  acetylene  at  the  rate  of  1"377  cu.  ft. 
per  hour  under  a  pressure  of  23^  tenths  of  water,  he  obtained  the  result  of 
273  candle  power  when  consuuiino-  the  gas  at  the  rate  of  5  ft.  per  hour; 
but  the  burner  mentioned  is  not  effective  after  a  few  hours,  owing  to 
its  liability  to  carbonize  at  the  points  of  ignition.  This  was  one  of  the 
early  types  of  bui'ner,  but  other  burners  now  made  by  the  same  firm,  such 
as  the  Leta,  are  on  similar  lines  to  that  shown  in  fig.  1008,  and  do  not 
readily  carbonize 


CHAPTER  VIII 

OIL  GAS 

Oil  gas  has  a  high  illuminating  power,  and  is  manufactured  from  Russian 
solar  oil  and  the  Scotch  gas  oil.  It  is  used  principally  for  the  lighting  of 
railway  carriages,  lifebuoys,  and  lighthouses,  and  is  also  sometimes  added 
to  common  coal  gas  of  low  value  to  increase  its  luminosity.  The  gas  is  sup- 
plied in  cylinders  under  a  pressure  of  about  seven  atmospheres  (105  lb.  per 
square  inch).  The  illuminating  power  is  originally  70  to  80  candles,  but 
when  the  gas  is  .subject  to  this  compression  tarry  matter  is  condensed  out  of 
it,  and  the  illuminating  power  is  reduced  to  from  50  to  38  candles,  when 
measured  while  burning  at  the  rate  of  5  cu.  ft.  per  hour.  If,  however, 
acetylene  to  the  extent  of  20  per  cent,  and  oxygen  to  the  extent  of  15  per 
cent  of  the  volume  of  the  oil  gas  are  added  to  it  before  compression,  its 
illuminating  power  is  about  doubled,  whilst  its  permanency  is  not  affected. 

The  composition  of  oil  gas  of  two  kinds  is  given  below,  the  analyses 
having  been  made  by  Professor  Vivian  B.  Lewes. 


Pintches'  System.  Young's  Systriii, 

Unsaturated  hydrocarbons,  ...        ...  35"65  per  cent    43'8.3 

Saturated              „    45-37      „    36-30 

Hydrogen,     ...        ...        ...        ...  12-41      „    16-85 

Carbon  dioxide,       ...        ...        ...  -74      ,,    -63 

Caibon  monoxide,    ...        ...        ...  -60      ,,    ' 

Oxygen,    2-00      „    M4 

Nitrogen,    3-00      „    1-25 


In  Pintches'  system  of  manufacture  double  retorts  are  employed,  one 
placed  upon  the  other.  The  oil  is  run  on  to  a  tray  at  one  end  of  the  upper 
retort,  and  passes  along,  being  vaporized  the  while,  to  the  other  end,  and 
thence  into  the  lower  i-etort,  which  is  of  similar  shape  and  size.  The 
retorts  are  about  6  ft.  in  length  and  about  10  in.  wide  and  high,  and  are 
made  of  cast  iron.  The  gas  formed  in  the  upper  retort  is  subjected  to  a 
high  temperature  (about  1800"  F.),  which  makes  it  permanent.  At  this 
temperature  the  iron  becomes  bi'ight  red.  The  amount  of  oil  "  cracked  "  or 
converted  from  the  liquid  to  the  gaseous  state  is  about  2^1  gal.  per  hour 
for  the  two  retorts,  and  should  richer  gas  be  required,  more  oil  is  permitted 
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to  flow  into  the  first  retort.  The  amount  of  gas  obtained  per  gallon  of 
oil  is  rather  over  80  cu.  ft.,  and  about  one-third  of  the  volume  of  oil  used  is 
deposited  as  tar.  Other  systems  of  oil-gas  manufacture  are  largely  based 
upon  the  principles  and  method  followed  in  Pintches'  system. 

Burners. — Much  difficulty  is  experienced  in  obtaining  the  full  value  of 
this  gas  when  used  as  an  illuminant.  Ordinary  burners  are  useless  owing' 
to  their  permitting  so  much  smoke,  which  indicates  that  the  air  supply  is 
not  what  is  required.  The  Coligny-Welch  lamp  is  generall}'  used  for 
railway  carriages.  It  is  fitted  with  a  circular  burner,  capable  of  consuming 
from  I  to  2  cu.  ft.  of  gas  per  hour,  and  has  an  efficiency  of  about  13  candles 
per  foot.  The  most  suitable  flat-flame  burners  for  oil  gas  are  Bray's 
Nos.  000  to  00,  which  work  well  at  a  pressure  of  to  y%  in.  When  a 
percentage  of  acetylene  is  added  to  oil  gas  the  smaller  burner  will  be  found 
the  more  efficient. 


CHAPTER  IX 

AIR  GAS 

Although  acetylene  gas  has  been  largely  adopted  for  the  lighting  of 
country  houses  where  no  public  supply  of  electric  current  is  available,  it 
is  now  being  replaced  by  a  newer  illuminant  known  as  Air  Gas,  which 
is  free  from  the  principal  defects  of  acetylene  and  seems  destined  before 
many  years  to  completely  supersede  it. 

Air  gas,  so  called  from  the  large  proportion  which  the  ordinary  atmos- 
phere forms  in  its  composition,  consists  of  a  mixture  of  approximately 
98^  parts  of  air  with  1^  parts  of  petrol  vapour.  It  has  been  known  for 
some  time  that  a  combination  of  these  proportions  results  in  an  inflam- 
mable but  non-explosive  gas,  but  it  was  not  until  recently  that  means- 
were  discover-ed  of  ensuring  a  constant  supply  at  a  uniform  strength. 
Several  machines  by  which  these  ends  are  successfully  attained  are  now 
on  the  market,  and,  broadly,  are  of  two  types — motor-driven  and  weight- 
driven.  The  principal  objections  to  the  former  type  are  that  about  10  or 
12  per  cent  of  the  gas  produced  is  consumed  in  running  the  engine,  and 
that  unless  a  somewhat  expensive  gasholder  is  provided  it  is  impossible 
to  obtain  a  light  after  the  motor  has  been  stopped  for  the  night.  Of  the 
weight-driven  type,  one  of  the  most  successful  machines  is  that  made  by 
the  Premier  Lighting  and  Engineering  Company.  A  weighted  wire  cord 
wound  around  a  drum  i-evolves  an  axle  on  which  are  three  eccentric  wheels 
operating  an  aii"  pump  by  means  of  endless  chains;  air  is  driven  through 
three  valves  into  a  vaporizing  chamber  where  it  combines  with  petrol 
vapour  supplied  through  a  carburettor.  The  air  gas  thus  formed  passes 
into  a  small  gasometer,  the  rising  of  which  automatically  applies  a  brake 
to  a  flywheel  on  the  axle,  so  that  as  the  storage  increases  the  action  of 
the  machine  is  retarded  or  stopped,  starting  again  when  gas  is  drawn  off 
at  any  of  the  fittings.  The  petrol  tank  may  be  fixed  quite  outside  the 
Vol.  III.  123 
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building  for  purposes  of  fire  prevention,  and  so  long  as  this  tank  is  supplied 
iind  the  weight  properly  wound  up,  a  regular  supply  of  gas  is  assured. 

Containing  as  it  does  so  large  a  quantity  of  ordinary  atmosphere,  air 
gas  does  not  take  up  any  appreciable  amount  of  oxygen  from  the  room 
in  which  it  is  burnt;  it  contains  no  carbonic  oxide  or  sulphuric  acid,  and 
is  innocuous  to  plants  and  decorations,  and  being  free  from  deposit  it 
does  not  corrode  the  pipes  or  burners.  The  gas  has  a  distinct  and  rather 
pleasant  smell  by  which  a  leakage  can  be  readily  detected,  it  is  non- 
poisonous  and  non-explosive,  and  is  the  most  economical  illuminant  on 
the  market. 
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CHAPTER  I 

HANDLING,  CUTTING,  AND  PACKING  GLASS 

Handling.— Glass  is  of  such  a  brittle  nature  that  it  is  an  easy  matter 
to  endanger  both  limb  and  life  by  the  handling  of  large  sheets  in  a  wrong 
manner.  In  carrying  a  large  sheet  of  glass  on  edge  horizontally,  the  hands 
should  never  be  placed  opposite  to  each  other  (No.  2,  Plate  XLIII),  as  in 
this  case  a  slight  swerve  of  the  body,  or  a  sudden  gust  of  wind,  may  easily 
i-esult  in  a  catastrophe.  It  is  best  to  have  the  hand  holding  the  lower 
edge  as  far  forward  as  possible,  and  the  other  holding  the  top  far  back; 
thus  the  sheet  will  be  supported  near  the  ends  and  the  weight  distributed, 
[f  this  plan  is  followed  (No.  1,  Plate  XLIII),  both  hands  will  share  the 
burden. 

In  lifting  sheets  of  glass  from  the  ground  on  to  the  bench,  they  should 
be  swung  with  both  hands  by  the  top  edge  till  the  lower  edge  rests  on 
the  far  side  of  the  bench,  and  then  allowed  to  fall  on  to  the  outspread 
palms.  No.  3,  Plate  XLIII,  shows  the  act  of  swinging  the  sheet  on  to 
the  bench  in  the  manner  just  described,  while  No.  4  shows  the  glass 
dropping  on  to  the  hands  before  being  laid  on  the  bench.  If  this 
action  is  carried  out  rapidly,  it  will  be  found  that  the  resistance  of  the 
air  will  support  the  falling  sheet  equally,  so  that  expert  cutters  will 
let  a  sheet  10  ft.  long  fall  from  its  edge  on  to  the  bench,  just  spreading 
their  hands  out  at  the  last  moment,  and  swiftly  withdrawing  them  when 
the  glass  comes  close  tc  the  bench. 

Common  sense  will  dictate  that  the  sheet  must  not  be  carried  vertically, 
unless  the  hands  are  placed  well  above  the  middle  of  the  sheet.  It  is 
safest  to  hold  it  as  near  the  top  as  possible,  so  that  if  there  happens  to 
be  a  flaw  in  the  glass,  or  any  breakage  occurs,  the  fragments  will  fall 
direct  to  the  ground  instead  of  on  the  workman,  as  would  be  the  case  if 
much  of  the  sheet  were  above  the  level  of  his  head.  Nos.  5  and  6, 
Plate  XLIII,  show  the  right  and  wrong  methods  of  carrying  glass  vo  tically. 

For  raising  sheets  of  glass  to  a  considerable  height  above  the  ground, 
a  crane  or  pulley  must  be  employed,  and  a  carrier  or  sling  used,  composed 
of  a  flat  piece  of  wood  about  4  in.  wide,  witii  two  hooks  about  6  in.  or 
1  ft.  from  each  end  (fig.  1010),  to  prevent  the  ropes  from  slipping  together. 
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Fig.  1010.— Carrier  for  Sheets  of  Glass 


A  guiding  rope  is  also  necessary  to  keep  the  sheet  from  gyrating,  and 
this  should  be  attached  to  one  end  as  shown  in  the  illusti-ation. 

With  very  thick  or  heavy  pieces  of  glass,  that  require  more  than  one 
workman  to  carry  them,  the  weight  should  be  allowed  to  rest  entirely 
on  the  lower  hands,  whilst  the  upper  hands  merely  hold  the  glass  loosely 

to  keep  it  vertical.  If  this 
method  is  followed,  all  contrary 
strains  will  be  avoided;  but  if, 
in  attempting  to  lift  it  from  the 
carrier,  the  workmen  take  the 
weight  evenly  in  both  hands, 
contrary  strains  are  at  once  set 
up,  and  there  will  be  danger  of 
breaking  the  glass. 

The  same  rule  applies  to 
squares  of  unwieldy  size,  such 
as  those  for  large  shop  windows. 
In  this  case,  however,  cords  will 
be  used,  furnished  with  pads  on 
which  to  rest  the  glass,  and  held 
by  one  man  on  either  side;  as 
many  cords  as  are  deemed  neces- 
sary being  placed  at  equal  dis- 
tances along  the  sheet,  whilst  a 
workman  at  each  end  holds  it  in  a  vertical  position.  If  the  sheet  is  too 
large  to  be  held  upright  by  two  men,  a  rope  must  be  passed  twice  round 
the  upper  part  (fig.  1011),  and  another  cord  attached  to  it  on  either  side 
of  the  centre;  in  this  manner  the  very  largest  sheets  procurable  can  be 
handled  with  perfect  safety,  but  it  is  seldom  found  necessary  to  resort  to 

this  method,  as  the  maximum 
size  of  ordinary  plate  glass  is 
about  9  ft.  by  13  ft. 

Cutting. — Glass  is  cut  into 
the  required  shapes  and  sizes 
by  means  of  a  diamond.  This 
tool  will  cut  the  glass  properly 
when  held  in  one  position  only 
as  it  is  drawn  across  the  sheet; 
if  this  position  is  varied  in  the 
slightest  degree,  a  white  scratch 
is  made  instead  of  a  clean  cut. 
An  unmistakable  difference  in 
the  sound  will  indicate  when  the  glass  is  being  properly  cut  and  when 
merely  scratched;  in  the  former  case  a  clear  musical  sound  will  be  emitted, 
whilst  in  the  latter  a  noise  that  will  jar  upon  the  ear.  To  cut  well  the 
diamond  must  be  held  firmly  between  the  fore  and  middle  fingers,  and 
then  quickly  passed  over  the  sheet  at  the  same  angle  throughout.  If 
broken  at  once,  before  the  cut  has  had  time  to  cool,  the  glass  will  part 


Fig.  1011. — Metlioil  of  Carrying  Large  Slieet  of  Glass 
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quite  easily  along  the  line  of  the  cut,  and,  when  once  the  knack  has  been 
acquired,  the  more  rapidly  the  cutting  process  is  done  the  better. 

A  diamond  is  the  only  tool  that  will  satisfactorily  cut  sheet  or  plate 
glass,  but  in  the  case  of  the  softer  kinds  of  glass,  that  are  used  for  leaded 
lights,  a  wheel  cutter  will  be  found  fairly  satisfactory,  and  is  in  common 
use  in  leaded-giazing  workshops.   

When  many  squares  have  to  be    /     .  . — 
cut  to  the  same  width,  a  wooden  Fig.  ioi2.-wooden  Gauge 

gauge  should  be  made  of  the  shape 

shown  in  fig.  1012,  by  means  of  which  the  cutting  of  repeated  sizes  will 
be  accomplished  with  rapidity  and  accuracy. 

When  a  number  of  small  "  squares "  of  the  same  lenf^th  are  required, 
the  work  is  facilitated  by  a  cutting  board  (fig.  1013),  having  a  hard  wooden 
lath  fixed  to  the  near  edge,  and  a  cross  lath  at  right  angles  as  shown. 
Attach  the  board  to  the  bench,  and  fix  a  hard  wooden  block  to  the  bench 
at  the  distance  from  the  board  required  for  the  exact  length  of  the  square; 


Fig.  1013.— Cutting  Board  lor  Glass 


this  should  form  a  stop  to  the  glass  when  it  is  pushed  under  the  cross 
lath.  Take  one  of  the  ranges  previously  cut  to  the  required  width  by 
means  of  the  gauge  described  above,  and  cut  off  the  part  necessaiy  to 
render  it  square;  then  push  it  along  to  the  stop  and  pass  the  diamond 
along  the  right  edge  of  the  cross  lath;  now  press  on  the  square  to  break 
it  oflT,  and  put  it  on  one  side;  pass  the  range  of  glass  forward  again  to 
the  .stop  and  cut  as  before,  and  repeat  the  process  until  the  required 
number  of  squares  have 
been  cut. 

Diamond -shaped  panes 
are  cut  on  the  same 
principle,  the  only  dif- 
ference being  that  the 

lath   is    set    quite    aCCU-  fie-  1014.— Cutting  Board  for  Dianiond-sliaped  Panes 

rately  to  the  required 

angle  (fig.  1014),  the  stop  being  set  so  that  the  glass  will  be  cut  the  same 
length  as  the  width  of  the  range.  The  lath  can  be  adjusted  to  any  angle 
by  means  of  the  thumb  screw  and  the  holes  in  the  perforated  quadrant, 
which  is  let  into  the  board. 

Glass  should  be  cut  on  a  perfectly  level  bench  covered  with  baize. 

The  cutting  of  curved  and  irregular  shapes  can  be  accomplished  in 
two  ways:  either  by  having  a  piece  of  cardboard  cut  out  to  the  required 
form,  and  by  running  the  diamond  round  it  when  it  is  placed  on  the 
glass  to  be  cut;  or  bv  the  aid  of  a  small  lath  brought  round  the  shape  in 
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little  movemeuts  alternating  with  the  movement  of  the  diamond  (fig.  1015). 
When  the  shape  has  teen  completel}^  marked  round  with  the  diamond,  begin 
at  the  place  where  the  cutting  started  and  tap  the  glass  gently  on  the 
under  side  until  it  begins  to  fly  along  the  cut;  follow  it  on,  keeping  a  little 
aliead  all  the  time.  If  it  is  a  gentle  sweep  it  will  break  off  immediately,  but 


Fig.  1015.— Cutting  Curved  or  Irregular  Pieces  of  Glass 


if  it  is  a  very  awkward  and  irregular  shape,  the  glass  to  be  broken  away 
should  be  cut  again  in  diagonal  lines  converging  into  the  original  cut. 

It  is  sometimes  required  to  cut  a  hole  out  of  a  square  of  glass,  leaving 
the  rest  intact.  The  old  glaziers  often  did  this  in  their  ornamental  heraldic 
glazing,  sometimes,  indeed,  having  a  succession  of  these  cut-away  parts  in 
one  piece  of  glass.    In  many  cases  these  were  done  by  drilling  a  series  of 

small  holes.  Another 
method  was  to  make  a 
small  cut  with  the 
diamond,  then  to  press 
a    .small    pointed  and 

Fig.  lOie.— Turn  Wlieel  and  Diamond  for  Cutting  Circles  heated    poker    OVer  the 

diamond  cut  and  work 

it  round  until  the  complete  circle  had  been  described.  The  poker  was 
then  heated  again,  and  the  former  process  continued  until  the  glass  began 
to  split  at  the  diamond  cut.  The  slit  was  then  followed  round,  the  poker 
being  held  an  eighth  or  a  quarter  of  an  inch  in  front;  and  when  the  glass 
had  been  slit  all  round  the  piece  dropped  without  any  difficulty.  This 
method  is  a  little  tedious  and  not  alwaj's  sure,  but  its  great  advantage  is- 
that  it  saves  the  tapping  underneath,  which  sometimes  causes  breakages. 
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True  circles  can  be  cut  on  a  tui'n  wheel  (fig.  1016)  mounted  with  a 
diamond.  With  these  little  machines,  which  can  be  procured  from  a 
number  of  well-known  firms,  a  circle  can  easily  be  cut,  leaving  the  square 
whole.  Fig.  1017  shows  a  kind  of  beam  compass  which  is  used  for  the 
same  purpose;  the  beam  A,  on  which  the  diamond  is  fixed,  can  be  moved 
backwards  and  forwards,  according  to  the  size  of  circle  required  to  be 
cut,  and  is  fixed  by  the  thumb  screw  at  B. 

When  it  is  required  to  cut  true  arcs,  another  contrivance  will  be  found 
to  be  useful,  and  especially  does  this  apply 
in  the  case  of  narrow  parallel  curves  struck 
from  the  same  centre.  A  lath  or  strip  of 
wood  (fig.  ]018)  should  be  procured  of  the 
length  necessary  to  compass  the  distance 
from  the  centre  to  the  circumference;  burn 
one  or  more  small  holes  near  one  end  of  the 
lath,  and  drive  a  nail  through  one  of  th-ese 
directly  above  tlie  centre  of  the  circle;  cut 
notches  in  the  lath  where  the  glass  has  to 
be  cut;  place  the  diamond  in  one  of  the 
notches  and  sweep  the  lath  round  with  the  left  hand,  still  keeping  the 
diamond  in  the  notch. 

Packing. — In  packing  glass  it  is  a  mistake  to  suppose  that  the  quantity 
of  straw  placed  between  the  sheets  increases  the  safety  of  the  glass  in 
transit;  on  the  contrary,  the  reverse  rather  holds  good,  because  when  a 
large  quantity  of  packing  matei-ial  is  used,  it  is  diflficult  to  get  it  evenly 
spread.  When  packing  glass,  a  box  or  crate  should  be  chosen  of  the 
size  required  to  take  the  sheets.  The  bottom  should  be  filled  evenly 
with  a  bed  of  hay  or  straw  about  2  in.  deep,  the  sides  being  lined  with 
straws,  placed  vertically,  about  1  in.  in  thickness,  or,  if  preferred,  hay 
will  answer  exactly  the  same  purpose,  if  care  is  taken  to  have  it  evenly 
spread.    On  this  bed  the  first  sheet  of  glass  should  be  laid.    On  a  very 


Fig.  1017.— Beam  Compass  for  Cutting 
Circles 


Fig.  1018.— Lath  for  Use  in  Cutting  Concentric  Curves 


thin  layer  of  hay,  or  a  layer  of  single  straws,  lay  the  next  sheet,  and 
proceed  in  the  same  manner  until  all  the  sheets  are  in,  when  the  spaces 
still  left  in  the  box  must  be  filled  tightly  between  the  glass  and  the 
side  of  the  case,  the  straws  or  hay  for  this  being  inserted  longitudinally 
in  small  portions,  each  portion  being  pushed  in  equally  with  a  lath.  This 
packing  having  been  wedged  in  so  that  there  is  absolutely  no  movement 
of  the  glass  apart  from  the  case,  even  when  it  is  vigorously  shaken, 
then  proceed  to  fill  up  the  top  with  as  much  packing  as  possible,  and 
nail  down  with  pieces  of  wood  placed  crosswaj'S,  or  with  a  single  board 
exactly  fitting  the  packing  case. 

The  whole  secret  of  glass-packing  is  to  wedge  it  in  so  tightly  and 
evenly  that  it  cannot  slip  inside  the  case  in  the  slightest  degree. 

\0h.  III.  124 
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CHAPTER  II 

KINDS   OF  GLASS 

Sheet  glass  is  made  in  four  qualities  fnr  window  glazing,  viz.:  Best, 
seconds,  thirds,  and  fourths.  It  will  be  noticed  in  foi-eia-n  glass  that  the 
brands  vary  to  such  an  extent  that  the  sheets  of  the  fourth  quality  in  one 
will  be  almost  equal  to  the  thirds  of  another.  The  fourth  quality  of  sheet 
glass  is  full  of  waves,  specks,  and  other  flaws,  and  is  seldom  used  except  in 
jerry-built  houses  and  in  the  cheapest  kinds  of  leaded  lights. 

The  various  thicknesses  of  slieet  glass  are  distinguished  in  the  trade  by 
their  approximate  weights  per  superficial  foot,  such  as  "  15-oz.  glass".  The 
corresponding  weights  and  thicknesses  are  as  follows: — 
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Tinted  and  pot-metal  sheet  glass  is  not  much  in  demand  at  the  present 
time,  but  it  can  be  procured  in  16-,  21-,  26-,  and  32-oz.  qualities.  In  the  case 
of  pot-metals  or  deep  colours,  sanded  sheet-glass  has  taken  the  place 
formerly  held  by  the  plain,  because  of  its  superior  effect.  Pale-green 
tinted  sheet  glass  has  a  much  better  effect  than  ordinary  white  sheet,  and 
especially  will  this  be  found  to  be  the  case  in  leaded  light  work. 

Ground  glass  is  made  of  substances  similar  to 
those  employed  in  the  manufacture  of  plain  sheet 
glass,  the  difference  being  that  in  the  former  case 
one  side  is  roughened  by  being  ground  with 
emery  powder. 

Enamelled  glass  (fig.  1019)  is  made  in  15-,  21-, 
and  26-oz.  qualities,  and  in  an  endless  variety  of 
patterns,  and  is  simply  embossed  sheet  glass, 
having  the  raised  parts  ground.  The  embossing 
is  accomplished  by  the  application  of  fluoric  acid, 
after  the  pattern  has  been  traced  out  with  Bruns- 
wick black  or  other  acid-proof  composition.  This 
glass  is  sometimes  ground  on  the  reverse  side  to 
render  it  absolutely  obscure. 

Embossed  plate  glass  is  usually  made  to  order, 
and  is  similar  to  the  embossed  glass  just  described,  but  of  a  higher  quality, 
the  pattern  lettering  or  border  being  worked  upon  plate  glass  instead  of 
sheet  glass. 

Polished  plate  glass  is  obtainable  from  ■§■  to  1  in.  in  thickness,  the  quality 
that  is  mainly  used  being  the  l-in.  This  glass  is  cast  between  metal  plates, 
and  ground  to  an  even  surface  and  then  polished,  one  sheet  beinaf  utilized 
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Fig.  1019.— Enamelled  Glass 
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for  the  working  of  the  other.  That  known  as  "silvering  quality"  is  regarded 
as  the  best. 

Crown  glass  is  now  seldom  used,  though,  if  large  quantities  are  ordered, 
it  can  be  obtained.  The  method  of  manufacture  is  interesting.  The  glass 
is  first  blown  into  a  spherical  bulb;  it  is  then  removed  from  the  "puntil" 
on  to  an  iron  rod,  which  has  been  heated  in  a  furnace,  and  on  which,  by  a 
rapid  rotatory  movement,  it  is  whirled  out  into  a  flat  circular  disc  or  sheet. 
This  method  produces  a  knob  or  crown  of  glass  at  the  centre  of  rotation. 
Knobs  of  this  kind  are  still  to  be  seen  in  the  windows  of  old  houses,  and 
now  go  by  the  name  of  "  bullion  ".  Crown  glass  is  necessarily  slightly 
convex,  and  this  gives  an  excellent  appearance  to  the  window  into  which  it 
is  glazed.  The  glass  can  usually  be  distinguished  by  the  concentric  rings 
or  ripples  on  the  surface.  Messrs.  Chance  Brothers  are  the  only  firm 
manufacturing  crown  glass  at  the  present  time. 

Patent  plate  glass  is  sheet  glass  polished  on  both  sides,  and  is  supplied 
in  the  following  qualities — best,  second,  and  third.    The  thicknesses  are 
in.,      in.,      in.,  ^  in.,  and  I-  in. 

Rough  plate  glass  is  supplied  ^  in.,  -fi^  in., 
i  in.,  and  f  in.  in  thickness,  and,  as  its  name 
suggests,  its  surface  is  uneven.  When  it  is 
fluted  longitudinally  it  is  often  known  as 
"  Hartley's  rolled  plate  ". 

Rough-cast  plate  is  a  very  similar  glass, 
and  may  be  described  as  unpolished  plate 
glass  of  inferior  quality.  It  is  supplied  in 
thicknesses  from  ^  to  1  in.,  the  greater 

.  thickness     being    mainly    used     for    pave-      rig.  1020.— Dome  of  Rough-cast  Plate  Glass 

ments,  roofs,  and  skylights.    This  glass  is 

also  made  in  spherical  domes  in  one  piece,  in  sizes  from  1  to  7  ft.  in 
diameter.  The  advantage  of  using  these  is  that  a  perfect  skylight  can  be 
obtained  when  they  are  properly  set.  As  the  glass  is  in  one  piece,  the 
sun  and  weather  can  in  no  way  aftect  it,  and,  moreover,  being  domed,  the 
condensation  falls  to  the  extreme  edges,  where  the  lead  is  arranoed  to  allow 
it  to  escape  (fig.  1020). 

Cathedral  glass  is  rolled  plate  weighing  about  26  oz.  and  ^  in.  thick:  it 
can  be  had  white  or  tinted,  and  is  made  in  sheets  about  3  ft.  by  10  ft. 
or  more.  It  gains  its  name  from  the  fact  that  its  use  is  prevalent  in 
churches.  It  is  not  a  very  translucent  glass,  but  its  great  advantage  is  that 
it  obscures  the  definition  of  objects  both  within  and  without.  Glass  rolled 
on  both  sides,  and  known  as  "  double  rolled ",  is  now  displacing  the  dull, 
single,  or  cathedral -rolled  glass. 

Figured  Rolled  Glass. — In  the  making  of  this  a  patterned  roller  is 
employed  instead  of  the  plain  one  used  in  making  cathedral  glass.  This 
process  lends  itself  to  endless  varieties  of  design  (fig.  1021).  The  patterned 
rollers  are  in  some  cases  formed  by  pyramidal  outlines,  which,  when  pressed 
upon  the  surface  of  the  glass,  form  a  multiplicity  of  prisms,  which  refract 
the  light  in  all  directions,  so  that  even  the  shape  of  an  object  in  the 
strongest  light  and  shade  is  hardly  distinguishable.    At  the  same  time 
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it  allows  all  the  rays  of  light  to  penetrate  through  it.  This  glass  should 
be  fixed  with  the  rough  side  inwards,  so  that  exterior  dust  and  dirt  do  not 
settle  on  the  indentations  of  the  pattern. 

Patent  wired  rolled  glass  is  similar  to  Hartley's  rolled  glass,  but  has 
wire  netting  embedded  in  it.    The  additional  strength  thus  gained  makes 

it  invaluable  for  skylights  fixed 
at  a  great  height  from  the 
ground.  It  not  only  resists 
stones,  but  will  sustain  heavy 
weights  of  snow,  to  the  in- 
creased safety  of  those  beneath. 
It  is  valuable  as  a  fire-resisting 
glass,  because  the  embedded 
wire  holds  the  glass  together 
up  to  melting-point.  When  a 
fire  occurs  in  a  building,  ordi- 
nary glass  is  soon  broken  by 
the  heat,  and  admits  air  to  fan 
the  flames.  Tests  made  by  the 
British  Fire  -  prevention  Com- 
mittee demonstrated  the  special 
fire  -  resisting  and  fire  -  retarding 


Fit'.  1021.— Figured  KoUed  Glass 


usefulness  of  wired  rolled  glass  as  a 
material. 

Fluted  glass  is  a  perfectly  smooth  ribbed  glass  made  in  four  thicknesses, 
1.5,  21,  26,  and  36  oz.  The  flutes  obscure  the  definition,  but  not  the  object 
itself. 

Muffled  glass  is  also  much  used  as  a  screen.    It  has  an  irregular  wavy 

surface,  somewhat  resem- 
bling a  miniature  sea,  and 
the  varying  undulations 
give  it  an  advantage  over 
the  stamped  glass,  which 
has  so  regular  and  hard 
an  appearance.  Mufiled 
glass  is  obtainable  in 
tinted  as  well  as  in  white 
sheets. 

Prismatic  Rolled  Glass. — 
Manufacturers  have  made 
use  of  prismatic  forms  to 
refract  light  in  many  in- 
genious ways.  Messrs. 
Pilkington  Brothers  produce  a  patent  prismatic  rolled  glass  (fig.  1022), 
which  is  made  in  slightly  varying  angles  to  suit  various  conditions  of  light- 
ing. For  basement  windows  or  for  shut-in  areas,  where  little  sky  is  visible, 
this  glass  can  undoubtedly  be  used  with  good  effect.  The  angles  of  refrac- 
tion are  calculated  from  a  line  taken  from  the  middle  of  the  window  to 
the  point  which  marks  the  highest  limit  of  obstruction.    Nos.  A,  B,  and  C 
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should  be  tixed  in  windows  where  such  an  imaginary  line  most  nearly 
approaches  an  angle  of  50",  40°.  and  30°  respectively.  This  glass  is  made 
in  sheets  as  large  as  60  by  90  in.  The  ribs  must  always  necessarily  run 
horizontally,  and  the  panes  should  be  placed  with  the  shorter  side  of  the  rib 
at  the  top,  and  with  the  smooth  side  outwards,  as  shown  in  the  illustration. 

A  glass  very  similar  to  that  just  described  is  made  ^ 
under  the  name  of  "  Luxfer  "  prisms,  in  4-in.  squares, 
united  by  copper  electro  glazing  to  form  sheets  of  the  v^Vn 
sizes  required  to  fit  the  openings.    The  same  prin- 
ciples  of  refraction  obtain  in  this  glass  as  in  that  '\\'\\' 
described  previously,  but  in  a  stronger  degree  owing 
to  the  slightly  larger  prisms.    By  these  means  light  \\V 
striking  into  a  room  from  an  enclosed  area  is  not  ab-  \\\ 
sorbed  on  the  floor  near  the  window,  but  is  refracted  V> 
so  as  to  pass  straight  into  the  room  (fig.  1023).  ^ 

The  makers  should  always  be  consulted  when  these 
prism  glasses  are  to  be  fixed,  as  so  much  depends  on 
inserting  the  prisms  that  are  specially  suited  to  the 
existing  conditions  of  light.  Where  but  little  sky  is 
discernable,  prisms  of  very  strong  refractive  power  -/^^^^'-y"" 

.      ,  ,  ,  ,  ,  .     .         .  .  Light  by  Vertical  Prismatic 

should  be  used,  and  as  the  variations  in  section  re-  Glass 
quiied  here  differ  so  slightly  from  those  required  for 

less-confined  spaces,  the  safest  course  is  to  consult  those  who  have  made  it 
a  matter  of  special  study. 

The  Luxfer  Prism  Syndicate,  Limited,  shows  an  ingenious  use  for  these  • 
prisms  where  light  is  confined,  as  is  very  often  the  case,  over  a  lantern 
light.    In  No.  1  (fig.  1024)  the  prisms  are  fixed  on  the  ceiling  line  and  dis- 
perse the  rays  through  the  room;  but  if  a  still  greater  dispersion  of  light  is 
necessary,  they  can  be  fixed  at  an  angle  below  the  ceiling  line,  as  shown  in 


Fig.  1024.— Kefraction  of  Light  by  Prismatic  Glass  in  Counter  Lights 


No.  2.  The  crowded  areas  of  our  cities  render  such  contrivances  as  these 
necessary,  and  it  is  of  the  highest  importance  to  consider  all  the  new  and 
best  means  of  obtaining  the  maximum  of  light  in  adverse  circumstances. 

Decorative  Glass. — This  concludes  the  list  of  the  different  kinds  of  ^lass 
used  m  the  ordinary  course  of  glazing  for  light-giving  purposes,  but  there 
are,  of  course,  other  kinds  which  are  used  principally  for  obtaining  artistic 
effects.    In  this  category  may  be  included  antique  Ambetti,  kelp,  Venetian, 
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and  Flemish  glass,  opalescent,  and  Prior's  or  Norman  glass.  The  last  named 
is  actually  formed  from  cutting  up  square  glass  jars;  the  difficulty  of  doing 
this  without  breaking  them  renders  the  glass  somewhat  costly.  The  other 
varieties  may  be  classed  under  the  heading  of  stained  glass,  and  it  is  not 
therefore  necessary  to  include  them  in  this  treatise. 

Opalescent  glass  has  been  utilized  in  a  novel  way  for  the  covering 
of  bathroom  and  lavatory  walls.  For  this  purpose  it  is  roughed  on  one 
side  whilst  in  its  molten  state,  or  covered  with  a  rough  coating,  so  it  readily 
and  firmly  adheres  to  cemented  walls.  It  can  be  cut  with  a  diamond 
to  fit  into  any  corners  or  shapes  that  may  be  required,  and  forms  a  most 
sanitary  and  smooth  wall  covering. 

Glass  tiles  are  made  in  the  same  sizes  as  ordinary  tiles  and  slates, 
and  can  be  fixed  in  like  manner  for  such  purposes  as  the  lighting  of 
unceiled  lofts,  «fec.  The  glass  tiles  should  be  equal  in  thickness  to  the  tiles 
or  slates  with  which  they  are  to  "  course  ".  They  are  made  in  thicknesses 
varying  from  i  to  f  in.,  and  can  be  obtained  with  nibs  like  the  Broseley 
tiles,  if  desired. 

Curved  Glass. — Where  glazing  is  requii-ed  to  be  done  on  the  curve,  a 
template  should  be  taken  of  the  section  of  the  desired  curve,  and  sent 
to  the  glass  manufacturer  as  a  pattern  for  the  glass  to  be  bent  from. 

In  the  glazing  of  small  leaded  squares  or  quarries,  curves  over  a  3-ft. 
radius  can  be  produced  by  gentle  pressure  while  the  glass  is  being  leaded 
together  on  a  cradle  shaped  to  the  required  curve. 

Glass  Shelves. — When  it  is  desired  to  use  plate  glass  for  shelving  pur- 
poses, the  edges  of  the  shelf  should  be  ground,  and  the  whole  either  swung 
on  chains  or  supported  by  brackets. 


CHAPTER  III 

HINTS  ON  ORDINAEY  GLAZING 

Ordinary  Glazing. — The  simplest  form  of  glazing  in  wood  rebate  with 
putty  will  always  remain  in  demand,  to  a  certain  extent,  owing  to  its 
cheapness;  it  will  therefore  be  well  to  consider  one  or  two  things  necessary 
for  making  it  as  durable  as  possible,  and  also  the  best  ways  of  carrying  out 
the  woi'k.  As  we  have  already  dealt  with  the  cutting  and  handling  of 
glass,  we  will  assume  that  it  is  cut  to  the  required  sizes  and  ready  for 
putting  in. 

The  putty  which  is  to  unite  the  glass  to  the  wooden  bars  should  never 
be  compounded  with  any  other  than  pure  linseed  oil.  In  much  of  the 
modern  commercial  putty  cheap  and  inferior  oil  is  employed,  and  the 
greatest  care  should  be  taken  that  the  purest  linseed  oil  only  is  uaed. 
Manufacturers  will  unhesitatingly  send  guarantees  to  this  eflfect  if  appli- 
cation is  made. 

The  putty  as  sent  from  the  warehouse  is  not  fit  for  use,  but  requires  to 
be  basted  (on  a  strong  bench  made  for  the  purpose)  with  a  heavy  mallet 
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until  all  the  small  lumps,  and  parts  that  have  become  hardened  by  being  in 
contact  with  the  sides  of  tlie  cask,  are  all  of  one  even  plastic  consistency. 
When  this  condition  has  been  achieved,  the  putty  may  be  divided  into  one- 
third  and  two-third  parts;  the  one-third  for  bedding  the  glass,  and  the 
remainder  for  front  puttying. 
The  putty  used  for  the  bedding 
sliould  be  softer  than  that  em- 
ployed for  the  front  puttying; 
therefore  add  to  the  bedding 
putty  linseed  oil,  and  to  that 
used  for  front  puttying  add 
powdered  whitening  that  has 
been  rubbed  through  a  fine 
sieve.  Work  these  into  the 
one  and  the  other  with  the 
hand  and  mallet  until  the  right 
consistency  has  been  obtained. 

The  bedding  putty  must  be 
of  a  perfectly  regular  plasticity, 
and  absolutely  free  from  any 
lumps.     If   these  precautions 

are  not  taken,  there  is  a  likeli-  y^„  1025.— Method  of  Applying  Bedding  Putty 

hood  of  the  glass  being  broken; 

indeed,  one  of  the  most  important  factors  of  glazing  is  to  have  an  even 
bed  for  the  glass  to  rest  on.  Take  a  lump  of  the  bedding  putty,  and,  with 
the  thumb,  apply  it  to  the  rebate,  pushing  the  bulk  of  it  in  front  of  the 
thumb,  as  illustrated  in  fig.  1025.  Having  applied  the  putty  in  equal 
quantities  round  the  rebates,  lay  the  glass  in  position,  and  bear  upon  it 
with  fingers  spread  out  to  cover  as  much  of  the  glass  as  possible, 
in  order  that  the  pressure  may  be  equally  distributed;  work  the 
putty  gently  down  into  the  rebates  with  the  outspread  fingers, 
pushing  along  the  surface  until  the  glass  is  quite  evenly  bedded. 

Sprigs, — The  glass  may  then  be  tacked  in  with  small  wedge- 
shaped  sprigs,  care  being  taken  that  it  is  not  pinched  unevenly 
with  them,  as  the  glass  is  bound  to  crack  where  it  is  pinched, 
sometimes  even  as  much  as  a  week  or  a  fortnight  after  it  has 
been  glazed.  In  order  to  avoid  this,  it  is  an  excellent  plan  to 
procure  a  strip  of  zinc  of  a  width  corresponding  to  the  length 
of  the  sprig  required,  and  to  cut  it  into  alternating  diagonals  Fig.  1026  — 
(fiof.  1026),  and  to  use  the  triangles  thus  formed  in  place  of    Jietiiod  of 

^   o  ^'  _        _  making  Zinc 

bought  sprigs;  they  will  drive  into  the  wood  rebates  quite  as  sprigs 
easily  as  the  latter  kind,  and,  being  pliable,  will  give  with  any 
uneven  pressure.    These  home-made  sprigs  involve  but  a  trifling  extra 
trouble,  and  are  strongly  recommended  in  place  of  the  others. 

Front  Puttying. — The  next  process  is  the  front  puttying,  which  is 
executed  with  the  stiffer  putty  already  described.  This  is  applied  with  an 
ordinary  puttying  knife,  such  as  that  illustrated  in  fig.  1027,  going  evenly 
round  the  rebate  as  before;  then,  holding  the  knife  with  the  right  hand, 
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and  pressing  on  the  blade  with  a  finger  of  the  left  hand  (fig.  1027),  draw  the 
knife  along,  sloping  it  outwards  to  the  angle  required  for  the  surface  of  the 
front  putty,  and  keeping  the  knife  up  a  little  so  as  to  include  any  uneven- 
ness  within  the  sweep  of  the  tool.  Fig.  1028  gives  a  section  showing  how 
this  form  should  be  when  finished.  It  will  be  noticed  that  the  front  putty 
is      in.  back  from  the  sight  edge  of  the  rebate. 


Fig.  1027.— Front  Puttying 


FRONT  PUTTV 


BACK  PUTT* 


Finger  marks  and  putty  smears  left  upon  the  glass  can  be  removed  by 
dusting  whitening  powder  on  to  both  sides  of  the  pane  with  a  brush,  and 
then  brushing  it  carefully  oft"  again.  The  usual  practice  of  the  trade  is 
then  to  dot  the  panes  of  glass  on  the  inside  with  a  paste  formed  of  whiten- 
ino;  and  water.    This  is  done  to  remind  other  workmen  on  the  building 

that  the  glass  is 
newly  put  in,  it 
being  sometimes 
necessary  to  insert 
the  windows  long 
before  the  other 
works  connected 
with  the  building- 
are  completed,  in 
order  to  exclude 
rain  and  damp. 

Top  Lights. — The  front  puttyings  of  skylights  and  roof  glazing  are  very 
readily  attacked  by  frost,  owing  to  the  fact  that  the  moisture  cannot  drain 
ort"  windows  as  rapidly  as  from  a  vertical  surface.  It  has  therefore  been 
found  advisable  to  do  away  with  the  front  putties  altogether,  simply  bed- 
ding the  glass  in  with  putty,  and  cleaning  it  oflT  flush  with  the  surface  of 
the  glass  (fig.  1029).  The  thick  line  represents  the  coatings  of  paint  that 
are  substituted  for  the  front  puttyings.    The  paint,  which  should  be  white- 


1028.— Section  of  Putty  Glazing 


Fig.  1029  — Bacli  Putty  and  Front 
Paint  for  Slcyliglits 
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lead  paint,  will  take  the  place  of  the  front  puttying,  and  this  treatment 
will  leave  little  or  no  substance  for  the  weather  to  work  upon,  and  is  twice 
as  durable  in  skylights  as  the  old  way  of  front  puttying.  It  is  not,  how- 
ever, usual  to  adopt  this  method  in  upright  glazing,  as  in  this  case  the  glass 
would  not  be  so  securely  held  as  by  the  front  putties.  For  sloping  sky- 
lights the  glass  should  be  carried  over  the  bottom  rail,  and  prevented  from 
slipping  by  hook-shaped  clips  of  zinc  or  copper  screwed  to  the  rail  before 
the  glass  is  inserted. 

The  problems  constantly  before  the  glazier  are  how  to  glaze  a  skylight 
so  that  it  will  remain  perfectly  water-tight,  and  how  to  carry  away  the 
condensation  which  must  of  necessity  form  on  glass  that  is  subjected  to  the 
double  influences  of  cold  from  without  and  heat  from  within.  We  believe 
that  this  can  only  be  competently  dealt  with  by  the  patent  systems,  some 
of  which  will  be  described  in  Chapter  V;  but  we  will  endeavour  to  show 
the  best  means  of  surmounting  these  difficulties  by  what 
may  be  classed  under  the  methods  of  ordinary  glazing. 

One  obvious  fact  is  that  the  quicker  we  can  carry 
away  the  water  from  the  putties  the  better.  An  excellent 
idea  for  doing  this  in  cases  where  the  glass  overlaps,  as 
in  the  majority  of  conservatory  and  greenhouse  roofs,  is 
to  cut  the  ends  of  the  glass  on  the  curve  (fig.  1030).  This 
is  a  most  economical  way,  as  the  curve  cut  for  the  end  of 
one  pane  will  serve  for  the  opposite  end  of  the  next  pane. 
These  curved  panes  should  be  cut  in  the  way  described 
in  Chapter  I,  and  shown  in  fig.  1014,  with  this  variation, 
that  the  cross  lath  should  be  cut  to  the  shape  of  the 
required  curve.  Another  way  of  getting  over  the  diffi- 
culty is  to  point  the  ends  of  each  overlapping  pane,  as 
shown  at  A  of  fig.  1030.  These  methods  of  cutting  the 
ends  of  the  pane  not  only  draw  the  water  from  the  out- 
side to  the  middle  of  the  pane,  away  from  the  puttyings,  but  the  con- 
densation within  is  also  attracted  in  the  same  way,  the  slight  division 
between  the  overlapping  panes  being  suflScient  to  carry  the  condensed 
vapour  to  the  outer  side  of  the  glass. 

Condensation  Channels. — In  the  case  of  skylights  where  the  glass  does  not 
overlap,  the  condensed  vapour  must  be  carried  away  by  means  of  a  small 
lead  or  zinc  gutter,  or  by  a  condensation  groove  in  the  bottom  rail  of  the 
skylight,  from  which  small  lead  pipes  carry  the  water  through  the  wood  to- 
the  roof  outside.  As  a  general  rule  the  skylight  is  well  above  the  roof,  so 
that  it  is  usually  possible  to  carry  the  condensed  vapour  outside  in  this 
way. 

Patent  putties  are  the  outcome  of  the  difficulties  that  are  encountered  in 
roof  glazing,  the  best  and  most  widely  known  being  called  "  Plastine ",  a 
composition  carefully  prepared  by  Messrs.  Carson  &  Sons.  It  has  a  much 
longer  life  than  ordinary  putty,  and  is  not  so  easily  affected  by  the  weather; 
it  also  sets  quickly,  which  is  an  advantage,  as  the  weather  and  frost  thus 
have  less  chance  of  disintegrating  it. 

Horticultural  glazing  is  always  a  difficult  matter,  especially  as  regards 
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Fig.  1030  —Overlaps  in. 
Ordinary  Glazing. 
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repairs.  Glaziers,  as  a  rule,  are  not  sufficiently  particular  in  having  the 
glass  and  wood  thoroughly  dry  before  attempting  to  reputty;  this  is  of  the 
utmost  importance,  as  the  putty  will  not  adhere  to  the  glass  so  long  as 
there  remains  on  it  the  least  suspicion  of  moisture.  Great  difficulty  is 
sometimes  experienced  in  getting  both  wood  and  glass  into  this  state,  and 
that  is  one  of  the  reasons  for  insisting  that  for  these  purposes  and  for  sky- 
lights the  only  really  successful  and  reliable  way  is  the  employment  of  one 
of  the  patent  glazing  methods. 

In  glazing  into  iron  sashes  or  casements  the  most  important  matter  for 
consideration  is  the  vibration.  This  may  be  obviated  by  giving  the  glass 
an  extra  quantity  of  putty  bed;  except  for  this  point,  the  same  rules  apply 
as  in  glazing  into  wood.    A  special  putty  is,  however,  used  in  many  cases. 

Glazing  into  Stonework. — In  the  fixing  of  glass  into  grooves  in  stone- 
work, room  should  be  allowed  for  a  slight  settling  of  the  stonework,  and 
the  grooves  so  cut  that  the  glass  has  a  clearance  of  quite  ^  in.  on  each 
side.  The  grooves  should  be  painted,  and  the  glass  bedded  in  white-lead 
putty  tinted  to  match  the  colour  of  the  stone.  The  grooves  should  be 
filled  with  soft  putty,  the  glass  being  pushed  into  the  deeper  groove  until  it 
will  pass  the  other  jamb  or  mullion,  and  then  worked  gradually  back  into 
the  shallower  groove  on  the  other  side  of  the  opening.  It  must  then  be 
worked  into  the  top  groove  in  the  same  manner,  and  be  wedged  at  the 
bottom  with  lead  wedges.  Any  imperfections  in  the  putty  around  the 
grooves  and  in  the  rebate  at  the  bottom  must  now  be  made  good  with 
stiff  putty.  This  will  hold  it  more  effectually  in  position  until  it  has 
become  firmly  set. 

Glazed  Doors. — Where  glazing  is  adopted  for  doors  that  are  in  continual 
use,  and  are  frequently  slammed  violently,  a  soft  bed  is  almost  a  necessity 
for  the  security  of  the  glass,  and  in  these  cases  washleather  is  the  best 
material.  The  washleather  must  be  cut  roughly  to  the  size  that  is 
required,  then  a  little  melted  glue  must  be  brushed  into  the  rebates,  and 
the  strips  of  washleather  laid  in  so  that  they  will  cover  the  edge;  the  glass 
must  then  be  put  in,  and  the  washleather  folded  over  it.  Fix  the  wood 
headings  over  this,  so  that  they  hold  the  glass  without  pinching  it  more 
tightly  in  one  place  than  another.  This  can  be  accomplished  most  safely 
with  round-headed  brass  screws.  When  this  has  been  done,  run  a  sharp 
penknife  around  the  pane  to  trim  off  the  irregular  ends  of  washleather 
flush  with  the  sight  line. 

For  picture -frame  glazing  patent  plate  or  the  "best"  thin  sheet  glass 
should  be  used.  The  glass  should  be  cut  slack  and  secured  to  the  frame 
with  thin  strips  of  brown  paper,  fastened  on  so  that  they  are  hidden  in  the 
rebate  of  the  frame.  These  keep  the  dust  from  working  in  between  the 
glass  and  the  frame  from  the  front.  Remove  any  particle  of  dust  or  dirt 
from  the  glass  with  great  care  before  putting  in  the  picture,  and,  when 
this  has  been  done,  and  the  thin  back  boards  inserted  and  bradded  in,  the 
whole  should  be  pasted  over  with  brown  paper  to  prevent  the  dust  from 
getting  in  at  the  back. 

Horn  and  talc  are  seldom  used  for  glazing  purposes,  except  in  special 
cases,  as,  for  instance,  where  there  is  excessive  movement  or  vibration, 
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as  in  motor-car  screens,  &c.  It  should  always  be  glazed  so  that  the  sur- 
face is  pressed  upwards  against  it,  so  that  it  can  be  rendered  absolutely 
flat,  this  being  a  condition  as  necessary  as  it  is  difficult  to  obtain.  One 
edge  must  be  firmly  fixed  with  very  small  sprigs  driven  into  the  rebate,  the 
same  process  being  repeated  on  the  opposite  edges.  Press  along  the  wooden 
mandril  or  flat  surface,  and  sprig  it  down  at  the  same  time.  The  ends 
must  be  treated  in  the  same  way,  and  finally  the  headings  must  be  fixed 
in  as  tightly  as  possible. 


CHAPTER  IV 
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Fig.  1031.— Lathakin  (half  real  size) 


The  use  of  leaded  glazing  in  small  squares  or  quarries  first  arose  from 
the  fact  that,  in  early  times,  glass  was  very  expensive.  To  break  a  lai-ge 
window  pane  in  those  days  would  have  been  a  calamity  only  put  to  riglits 
at  a  great  cost,  whilst  a  small  leaded  pane  was  much  more  easily  remedied. 

The  Glass, — For  ordinary  transparent  leaded  lights  sheet  glass  is  usually 
selected,  but  for  better  work  patent  plate  (that  is  to  say,  polished  sheet 
glass)  is  preferred,  as  it  is  entirely  free  from  distorting  waves.  Where 
obscured  windows  are  required,  cathedral  glass  and  muffled  glass  are  often 
used.  Tinted  or  stained  glass  is  not 
as  much  used  for  domestic  work  as 
it  was  some  years  ago,  and  elaborate 
stained-glass  windows  are  beyond 
the  scope  of  this  work.  For  simple 
lights,  with  rectangular  or  diamond- 
shaped  panes,  the  squares  can  be 
conveniently  cut  by  one  of  the 
methods  described  in  Chapter  II. 

Tools. — As  lead  glazing  is  a  time- 
honoured  craft  most  of  the  necessary 
tools  are  of  shapes  and  forms  that 
have  been  handed  down  from  gener- 
ation to  generation.  The  lathakin 
(fig.  1031),  so  curiously  named  and 
shaped,  is  used  for  opening  the 
wings  or  leaves  of  the  lead  strips  or 

cames,  so  that  the  glass  can  be  inserted.  The  stopping  knife  (fig.  1032)  is 
used  for  shaping  the  ends  of  the  leads,  and  for  turning  back  the  leaves 
of  the  outside  leads,  &c.  The  cutting  knife  (fig.  1033)  is  a  thin,  sharp, 
chisel-bladed  tool  for  cutting  the  ends  of  lead.  As  a  rule  the  two  last- 
named  tools  are  weighted  in  the  handle,  so  that  they  can  be  used  for 
tapping  in  the  nails  which  hold  the  glass  and  lead  temporarily  in  place. 
Any  kind  of  nails  can  really  be  used  for  this  purpose,  but  perhaps  the 
most  convenient  will  be  found  to  be  lit-in.  or  2-in.  last  nails. 


Fig.  1032.— Stopping  Knife 


Fig.  1033.— Cutting  Knife 
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Fig.  1034  shows  the  soldering  iron,  or,  more  correctly  speaking,  the 
copper  bit,  which  is  used  for  soldering  the  leads  together  at  their  intersections. 
Gas  is  supplied  through  a  flexible  tube  attached  to  one  end,  and  is  regulated 
by  the  tap  to  any  degree.  With  this  instrument  the  soldering  can  be  effected 


Fig.  1034.— Soldeilng  Tool  or  Copper  isit 


with  great  i-apidity.  The  modern  workman,  with  this  splendid  little  tool 
at  his  command,  can  pity  the  glazier  of  olden  times,  who  had  to  solder 
one  or  two  joints  and  then  wait  until  the  copper  bit  could  be  reheated. 
The  reel,  shown  in  fig.  1035,  is  used  for  shaping  the  leads  for  roundel 
glazing,  the  came  being  twisted  round  this  mandril  to  the  size  of  the 

required  circle.  At 
every  three  or  four 
turns  the  coils  should 
be  cut  through,  by 
taking  them  off'  the 
reel  and  placing  them 
flat  upon  the  bench, 
when  they  can  be  cut 
through  perpendicu- 
Fig.  io35.-Keei  larly  with  the  cutting 

knife. 

Lead  Games. — The  strips  of  lead  used  for  uniting  the  different  pieces  of 
.glass  are  known  as  "  cames ",  and  are  made  by  first  of  all  casting  into  a 
mould  pieces  of  lead  which  are  much  larger  in  section  than  is  needed;  these 
•are  next  pressed  through  a  machine,  from  which  they  emerge  in  long  pliable 
lengths  of  lead.    Different  sections  are  obtained  by  using  variously-sized 

cheeks  and  wheels,  which 
can  be  changed  as  desired. 
Fig.  1036  illustrates  various 
sections  of  lead  cames.  A,  B, 
Fig.  io3G.-sections  of  Lead  can.es     "        *"      and  C  are  generally  used, 

and  can  be  obtained  in  sizes 
■which  range  in  width  (i.e.  on  the  face)  from  ^  in.  to  1  in.;  in  A  and  C  the 
face  is  convex;  in  B  it  has  beaded  edges.  D  is  an  old  section  with  narrow 
lieart,  which  is  now  only  used  as  an  outside  or  marginal  lead;  the  narrow 
beart  allows  suitable  room  in  the  groove  and  rebate,  and  the  leaf,  being 
thin,  can  easily  be  turned  back,  or  trimmed  off,  if  necessary.  Sections 
E  and  F  are  used  where  thick  glass  such  as  Prior  slabs,  Venetian,  Antique, 
or  thick  plate  is  employed 
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The  wider  heart  of  modern  lead  cames  allows  room  for  a  proper 
quantity  of  cement  to  set  the  glass.  Most  of  the  modern  sections  of 
lead  are  also  made  with  stout  leaves  that  retain  their  position,  so  that 
time  is  not  lost  in  opening  them  to  insert  the  glass,  and  the  saving  thus 
effected  is  more  than  sufficient  to  pay  for  the  extra  metal. 

Before  the  cames  are  brought  into  use  they  need  to  be  stretched, 
because,  when  pressed  out  of  the  mill,  they  invariably  curl  a  little  spirally. 
This  stretching  is  accomplished  by  placing  one  end  under  the  foot  and 
drawing  the  came  upwards  with  a  pair  of  pliers,  twisting  it  round  in 
the  process,  so  that  at  the  last  stretch  it  is  perfectly  straight;  when  this 
is  once  done  the  came  will  remain  straight.  It  can  then  be  placed  on  the 
bench  and  trimmed  off  at  the  ends,  when  it  is  quite  ready  for  use. 

Glazing. — Assuming  that  the  glass  has  already  been  cut,  the  first  thing 
to  be  dbne  is  to  spread  the  "  cut  line  " — that  is,  the  full-size  drawing  of  the 
centre  lines  of  the  lead  cames — upon  the  bench,  and  to  place  thereon  two 
oak  laths,  about  |  in.  by  2  in.,  at  right  angles,  one  being  parallel  with  the 
near  edge  and  the  other  with  the  left-hand  side  of  the  drawing.  Next 
take  two  cames,  similar  to  the  section  D,  fig.  1036,  and  |  in.  or  J  in.  wide, 
according  to  the  size  of  the  rebate  or  groove  in  which  the  glass  is  to  be 
fixed;  push  the  one  into  the  leaf  of  the  other  and  lay  them  against  the 
oak  laths,  and  secure  temporarily  with  a  nail.  Proceed  to  insert  the  glass 
and  the  intermediate  cames  (say  of  section  B,  fig.  1036),  working  from 
left  to  right  and  pushing  the  cross  leads  well  into  the  leaf  of  the  outside 
lead,  and  cutting  them  back  from  the  other  end  of  the  glass  sufficiently 
to  allow  the  heart  of  the  next  vertical  lead  to  touch  the  glass  and  to 
neatly  abut  against  the  cross  leads;  proceed  in  this  manner  until  the 
cut  line  is  covered.  Finally,  put  round  the  two  remaining  outsides  lead 
cames  of  similar  section  to  those  used  in  the  first  stage,  then  tack  on  two 
additional  laths  to  complete  the  rectangle,  truing  the  whole  up  carefully 
and  correctly  with  the  square. 

The  joints  must  then  be  greased  with  stearine  wax,  mixed  with  a  little 
linseed  oil  to  soften  it,  and  soldered  with  the  iron  shown  in  fig.  1034.  The 
laths  may  now  be  taken  up,  and  the  leads  on  the  reverse  side  trued  up 
where  necessary,  and  soldered. 

The  cementing  is  a  most  important  item  in  leaded  glass,  and  the  greatest 
care  should  be  taken  with  this,  otherwise  the  work  will  not  be  air-  and 
water-tight.  The  practice  of  cementing  in  early  times  was  of  a  very 
primitive  character.  The  work  was  simply  brushed  over  with  linseed 
oil,  rubbed  with  whitening,  and  straightway  polished  with  lampblack. 
This  method  has  been  greatly  improved  on.  Care  must  be  taken,  in 
the  first  place,  to  see  that  the  cementing  material  is  good,  and  that  it  is 
properly  prepared.  The  whitening  must  be  powdered  and  finely  sieved, 
then  saturated  with  pure  linseed  oil,  terebine  being  added  to  make  it 
set  quickly.  The  mixture  is  always  the  better  for  the  addition  of  a 
little  red  lead,  but  it  must  be  borne  in  mind  that  if  too  much  of  this 
is  used,  difficulty  will  be  experienced  in  repairing  a  broken  square  at 
any  time.  Lamp  or  vegetable  black  should  also  be  added  to  make  the 
mixture  the  same  colour  as  the  lead. 
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Directly  the  work  leaves  the  bench  it  should  be  cemented  without 
delay,  so  that  it  may  have  as  long  as  possible  to  stand  and  set.  The 
cement,  mixed  in  the  way  just  described  to  a  thick  paste,  is  applied  with 
a  short  stubbing  brush,  which  is  then  worked  backwards  and  forwards  and 
round  and  round  until  the  cement  has  penetrated  right  into  the  heart  of 
the  lead.  This  must  be  done  on  both  sides,  and  then  rubbed  over  with 
whitening  and  the  palm  of  the  hand.  The  work  should  be  allowed  to  dry 
for  four  or  five  hours,  and  then  a  pick  must  be  run  round  the  edges  of  each 
pane,  the  work  brushed  with  a  hand  brush,  and  left  to  set,  and  before 
it  is  finally  packed  the  windows  should  be  polished  with  black  lead. 

Much  of  the  unsatisfactoriness  of  leaded  glass  is  due  to  the  work 
being  handled  and  battered  about  in  cases  before  it  has  sufficiently  set. 
This  causes  the  cement  to  ooze  out  to  the  edges  of  the  cames,  which  are 
invariably  cleaned  off"  to  make  the  work  look  neat;  thus  the  glass,  instead 
of  being  embedded  in  a  solid  setting  in  the  lead,  is  insecurely  fixed.  The 
principal  secret  of  rendering  leaded  work  air  -  tight  and  water  -  tight  is 
to  allow  it  to  stand  at  least  a  week  to  harden  properly,  and  as  much 
longer  as  can  be  allowed  before  it  is  removed  from  the  workshop. 

Fixing. — In  fixing  a  sheet  of  leaded  glazing  into  grooves  in  stonework 
the  outer  leaves  of  the  outside  cames  must  be  opened  out  and  tafted  back 
on  to  the  inner  leaves,  and  the  sheet  must  then  be  evenly  worked  into 
position  by  a  series  of  gentle  pats  given  with  the  whole  palm  of  the  hand. 
Sometimes  it  will  be  necessary  to  ease  it  with  a  knife  inserted  between  the 
light  and  the  mullion  of  the  window,  but  the  knife  must  only  be  inserted 
where  cross  leads  meet  the  outside  lead.  If  the  sizes  have  been  accurately 
taken,  the  gentle  tappings  will  work  the  glass  gradually  into  its  place,  and 
if  done  patiently,  there  is  little  fear  of  breakage. 

The  stopping  knife  is  then  used  for  turning  back  the  leaves  of  the  out- 
side leads  into  the  grooves.  In  stone  grooves  the  light  must  be  held  firmly 
in  its  place  with  leaden  wedges  of  the  required  thickness,  driven  in  gently 
at  the  cross  leads  only.  The  mason  then  stops  the  joint  with  Portland 
cement,  matched  to  the  colour  of  the  stonework. 

When  the  lights  are  to  be  fixed  into  wood  rebates  from  outside,  they 
should  be  bedded  in  putty  and  fixed  by  sprigs  driven  in  only  at  the  cross 
leads,  after  which  the  beading  or  front  putty  can  be  put  on  as  in  ordinary 
glazing. 

Saddle-bars. — Leaded  glass  is  not  sufficiently  strong  to  maintain  itself 
vertically  without  support;  it  is  therefore  necessary  to  brace  it  with  iron 
bars  placed  about  a  foot  apart.  The  latest  method  is  to  secure  these  to  the 
leaded  glass  by  means  of  copper  ties  which  are  sweated  on  to  the  solder 
joints  of  the  lead  work,  the  two  ends  being  twisted  together  round  the  bar 
when  the  work  is  fixed.  This  method  is  not  really  so  good  as  the  old,  which 
was  to  employ  narrow  strips  of  lead  about  ^  in.  wide;  these  were  lapped 
over  each  other  round  the  bar,  and  soldered.  The  lead  tie  takes  a  broader 
hold  on  the  light,  is  not  so  liable  to  be  pulled  off",  and  looks  very  much 
better. 

Stanchions  or  upright  bars  are  often  used,  and  these  are  secured  to  the 
leaded  lights  in  the  same  way.    In  old  cottages  they  are  sometimes  to  be 
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found  made  of  wood,  1  in.  square  in  section,  and  are  set  into  the  frame 
diagonally.  In  larger  houses  they  were  usually  formed  of  iron  of  the  same 
or  of  larger  dimensions,  and  sometimes  they  were  fixed  to  the  cross  bars. 
In  the  latter  instances,  however,  they  were  employed  more  as  a  means  of 
defence  than  for  the  purpose  of  holding  the  lights  in  place. 

Steel-cored  Lead  Games. — An  ingenious  invention  has  been  brought  out 
by  the  firm  of  Messrs.  Gibbs  &  Sons 
to  do  away  with  the  necessity  for 
saddle-bars.  A  small  steel  rod, 
sheathed  in  the  window  lead  (fig. 
1037),  is  the  contrivance  that,  with 


Fig.  1037.— Steel-cured  Leail  Came 


Kig.  1038.— Condensation  Cliannel 


economy  of  labour,  strengthens  the  leaded  window  sufficiently  to  obviate 
the  necessity  of  iron  bars.  The  work  should  not  be  entirely  glazed  with 
steel-cored  leads,  but  a  sufficient  number  should  be  introduced  to  give 
the  necessary  rigidity. 

Condensation  Channels. — It  is  always  advisable  to  provide  means  for 
carrying  away  the  condensation  from  windows,  instead  of  allowing  it  to 


Fig.  1039.— Three  Examples  oi  Leaded  Glass 


i"emain  on  the  window-sills  inside  with  such  deleterious  results.  In  the 
majority  of  good  examples  of  old  glazing  the  sill  was  covered  on  the  out- 
side with  sheet  lead,  which  was  carried  through  and  turned  up  vertically 
inside  about  1  in.  in  height.    This  method  is  shown  in  fig.  1038. 

Examples  of  Leaded  Glazing. — In  fig.  1039  three  examples  of  leaded 
glazing  are  given.     There  is  practically  no  end  to  the  pos.sibilities  of 
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beautiful  treatment  in  this  kind  o£  work,  but  great  care  must  be  taken 
to  keep  the  lines  as  simple  as  possible.  It  must  be  i-emembered  that  the 
light  comes  through  the  leaded  panes,  and  therefore  the  lines  are  constantly 
being  pressed  upon  the  eye.  However  appropriate  elaborate  and  intricate 
designs  may  be  in  the  case  of  stained  glass,  it  is  out  of  place  in  an  ordinary 
window,  which  is  intended  not  only  to  admit  the  light,  but  also  to  allow 
the  outer  world  to  be  seen  from  the  inside  of  the  room. 


CHAPTER  V 


SPECIAL  GLAZING  METHODS 


Many  new  forms  of  glazing  have  been  devised  for  the  purpose  of 
superseding  putty,  which,  especially  in  the  cases  of  skylights,  greenhouses, 
conservatories,  and  glass  roofing,  so  easily  perishes.    The  continual  action 


N?  I 


N°  4 


COPPER  TACKS 


H°  2 


Fig.  1040.— Simplex  Glazing  Sygteiii 


of  heat  from  within  and  cold  from  the  outside,  playing  upon  the  putty, 
very  speedily  disintegrates  it. 

One  of  the  simplest  and  best  forms  is  that  made  by  Messrs.  Grover  &  Co., 
and  is  really  leaded  glazing  in  a  new  form.  It  is  generally  known  as  the 
Simplex  glazing  system,  and  the  notable  feature  of  it  is  the  lead  strip 
TNo.  1,  fig.  1040),  which  can  be  supplied  in  lengths  up  to  18  ft.    This  strip 
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is  nailed  with  copper  tacks  to  the  wooden  bar  of  the  sash,  as  shown  in 
No.  2.  In  the  case  of  end  bars  the  inside  only  has  to  be  nailed,  whilst 
tlie  other  leaf  is  dressed  into  the  rebate  (No.  3).  Having  tixed  the  lead 
strips  to  the  bars,  the  rebates  so  formed  should  be  coated  with  thick  paint, 
preferably  a  lead  paint,  the  glass  being  then  inserted  and  the  vertical 
leaf  turned  down  on  to  the  glass  with  a  lathakin  (i.e.  a  small  lath).  This 
is  generally  supplied  with  the  strips,  and  is  a  piece  of  hard  wood,  or  bone, 
with  boat-shaped  ends.  The  condensation  gx'oove  can  be  in  the  lead  as 
shown  in  No.  4,  or  formed  on  the  wooden  bar.  The 
former  method  is  better  from  the  point  of  view  of 
durability,  but  it  sometimes  means  that  a  thinner 
bar  than  is  required  must  be  used,  or  that,  on  the 
other  hand,  there  must  be  a  waste  of  lead.  The  ends 
of  the  strips  at  the  top  may  either  be  inserted  ^  in. 
into  the  rail  (No.  5)  or  may  be  covered  with  a  leaden 
ridge  cap  as  shown  in  No.  6.    In  cases  where  the 

glass  is  set  back  from  the  sill,  the  end  of  the  strip  must  be  dressed  down 
flat  and  nailed  (No.  7).  Where  the  glass  overhangs  the  sill  the  lead  strips 
should  be  cut  about  1  in.  too  long  and  neatly  curled  underneath  (No.  8). 
A  safe  distance  to  leave  between  the  bars  for  this  kind  of  glazing  is  18  in.; 
there  is  no  advantage  obtainable  in  having  it  more  than  this,  and  bars 
15  in.  apart  and  even  less  are  frequently  used. 

This  method  is  also  applied  to  iron  or  steel  bars,  of  which  fig.  1041  shows 
a  full-sized  section,  viz.,  an  iron  T  bar  sheathed  with  lead  in  such  a  manner 
as  to  allow  the  lead  to  fold  over  the  glass  as  before,  giving  the  necessary 
strength  for  a  big  span  in  a  compact  and  neat  form. 


Fig.  lOil.— Simplex  Glazing 
System  with  Iron  or  Steel  Bar 
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rig.  1042.— Heywooil's  Glazing  System 
No.  1,  Ordinary  Bar;  No.  2,  Lead-clothed  Bar 


In  Heywood's  system  this  method  can  be  carried  still  further,  there  being 
condensation  grooves  and  in  an  additional  groove  is  laid  asbestos  packing 
for  the  glass  to  bed  upon.  This  reduces  the  danger  of  breakage  which  would 
otherwise  follow  after  any  extraordinary  vibration  from  storm  or  shock, 
this  (.langer  most  generally  existing  in  buildings  of  steel  or  iron  construction. 

There  are  two  varieties  of  Heywood's  patent  system.  In  one,  called 
ordinary  (No.  1,  fig.  1042),  the  lead  strip  that  receives  the  glass  is  mounted 
on  a  galvanized-steel  bar,  which  can  be  obtained  of  varying  depths  according 
to  the  distance  the  bar  is  required  to  span.  It  will  be  observed  that  this 
varies  from  the  Simplex  system  in  the  following  important  particulars,  via., 

Vor,.  III.  1  -  0 
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in  the  condensation  grooves  and  asbestos  packing,  already  pointed  out,  and 
in  the  T  bar  being  set  reversely.  It  wiW  also  be  seen  that,  wliilst  in  the 
Simplex  system  the  water  can  easily  get  between  the  lead  and  iron, 
causing  cori'osion  of  the  latter,  this  is  impossible  in  the  Heywood  system, 
since  the  lead  is  so  arranged  that  the  iron  is  protected,  and  only  exposed 
where  any  condensation  would  fall  away  immediately. 

The  lead-clothed  bar  is  a  galvanized  T  bar  entirely  enclosed  in  lead 
(No.  2,  fig,  1042),  the  ends  being  soldered  up;  thus  the  bar  is  hermetically 
sealed,  and  any  possibility  of  decomposition  from  rust  is  prevented.  The 

glass  rests  on  an  asbestos 
cushion,  as  in  the  ordi- 
nary section,  which  ex- 
cludes dust  and  weather 
as  well  as  preventing 
fracture  from  vibration. 
Actual  contact  with  the 
glass  occurs  only  on  the 
narrow  cushion  of  as- 
bestos and  on  the  out- 
side rim  of  the  upper 
leaf,  leaving  a  clear 
channel  within  to  carry 
away  any  moisture  that 
may  happen  to  pass  the 
narrow  rim  or  be  con- 
densed on  the  iron. 
There  is  no  attempt  in 
this  method  to  join  the 
glass  with  the  bar,  but 
merely  to  effect  a  water- 
proof joint  by  means 
of  overlapping,  whereas 
glazing  with  putty,  lead 
glazing,  and  lastly  the 
Simplex  glazing,  are  all 
methods  of  uniting 
metal  or  wood,  as  the 
case  may  be,  with  the  glass  by  means  of  an  adhesive  paint  or  putty. 

We  will  now  review,  as  inclusively  as  possible,  tlie  various  forms  resulting 
from  the  adoption  of  the  lap-and-channel  principle.  It  is  obvious  that  as 
these  methods  depend  entirely  upon  the  easy  and  rapid  gravitation  of 
water  for  their  success,  the  pitch  of  the  roof  should  not  be  less  than  will 
assure  the  water  flowing  away  before  it  fills  the  channels.  In  all  cases  the 
pitch  of  the  roof  should  be  at  least  30°,  for  otherwise  the  condensation  will 
drip  from  the  glass  instead  of  running  down  to  the  plate  where  provision 
is  made  for  its  escape  to  the  outside. 

The  British  Challenge  glazing  (fig.  1043)  is  another  example  of  a  lead- 
clothed  steel  bar  with  wings  folded  over  to  keep  the  glass  in  position,  as 


Fig.  1043.— The  British  Challenge  Glazing 
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Fig.  1044. — Overlaps  in  the  British  Challenge  Glazing 


shown  in  No.  1.  The  glass  is  arranged  to  rest  on  a  wedge-shaped  piece  of 
lead  which  forms  the  outer  edge  of  the  enclosed  channel.  The  deep  cut  on 
either  side  at  A  serves  to  distribute  the  strain  upon  the  lead,  when  it  is 
turned  back  and  dressed  down  again  in  the  event  of  breakage.  Earlier 
systems  allowed  the 
glass  to  rest  upon  the 
flat  flange  of  T  iron, 
but  this  arrangement 
offers  more  resistance 
to  the  glass  and  so  in- 
creases the  liability  of 
breakage.  The  British 
Challenge  glazing  can 
also  be  procured  for 
fixing  to  wooden  bars 
(No.   2),  and  for  the 

same  purpose  can  be  procured  with  steel  cores  (No.  3).  Special  sections 
are  required  for  end  bars  (No.  4).  These  are  L-shaped,  with  the  outer 
wing  of  lead  made  a  trifle  wider  in  order  to  lap  over  the  woodwork,  to 
which  it  is  secured  with  copper  nails,  or  in  the  case  of  abutments  to  brick- 
work to  form  the  soaker  over  which  the  stepped  flashing  can  be  fixed. 
The  bars  are  made  for 
bearings  from  4  ft.  6  in. 
to  12  ft.,  and  it  should 
be  noted  that  glass  must 
not  be  lapped  with  this 
section.  If  the  length 
to  be  covered  is  beyond 
the  maximum  span  the 
roof  should  be  broken 
by  a  purlin,  as  shown  in 
No.  1,  fig.  1044.  In  the 
case  of  steel  construction 
the  glazing  bar  of  the 
upper  part  of  the  roof 
should  be  bolted  to  the 
upper  side  of  the  steel 
purlin,  as  shown  in  No.  2, 
and  a  lead  apron  should 
be  cut  sufficiently  wide 
to  project  beyond  the 
purlin  and  be  doubled 
over  to  forni  a  lip  for 

condensation;  the  top  of  the  purlin  must  be  then  covered  over  and  the 
lead  must  be  dressed  down  over  the  lower  glazing  bars,  these  being  fixed 
by  means  of  angle  pieces  bolted  to  the  flanges  of  the  bar  and  to  the  web 
of  the  purlin. 

As  the  length  of  glass  regulates  the  construction  of  roofs  adapted  for 


WEB  OF  BAI, 
CUT  AWAY 


Fig.  1045.  — British  Challenge  Glazing  for  Steel  Roof 
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this  kind  of  glazing,  it  will  be  well  to  give  approximately  the  lengtlis 
procurable  in  the  different  kinds  of  glass.  Quarter-inch  wire  wove,  Hart- 
ley's, cathedral,  and  figured  rolled  glass  can  be  obtained  up  to  10  ft.  in 
length;  English  sheet  glass  up  to  6  ft.  or  6  ft.  6  in.;  foreign  sheet  glass 
up  to  4  ft.  6  in.;  26-oz.  fluted  glass  up  to  5  ft.;  32-oz.  fluted  glass  up  to 

4  ft.  6  in.;  plate  gl.-iss 
up  to  12  ft. 

The  bars  should  be 
ordered  to  the  exact 
lengths  required,  and 
particulars  given  as 
to  whether  they  are 
needed  for  steel  or 
wood  construction,  be- 
cause in  the  case  of 
the  former  there  is  a 
special  bar  with  the 
web  cut  away  and  the 
flange  bent  over  at 
the  top  to  bolt  it  to 
the  steel  ridge,  and 
cut  away  on  the  splay 
at  the  bottom  end  to 
rest  on  the  steel  curb 
(fig.  104.5).  For  the 
projecting  ends  at  the 
eaves  the  Challenge 
glazing  bar  is  fitted 
with  a  brass  shoe 
having  small  perfora- 
tions to  allow  for  the 
escape  of  condensed 
moisture  from  the 
inner  channels. 

This  section  can 
also  be  obtained  for 
curved  or  domed  glaz- 
ing. In  the  latter 
case  the  sections  can 
either  be  housed  into 

a  hard  wood  centre  piece  covered  with  lead,  or  bolted  together  with  small 
angle  plates  to  the  web  of  the  bars.  Domes  of  over  10  ft.  diameter  are  not 
practicable  in  this  method  without  special  construction,  but  tlie  company 
offers  a  good  suggestion  for  this  class  of  work  (fig.  1046). 

The  Challenge  method  of  fixing  the  bai's  in  a  vertical  position  is  worth 
consideration  (fig.  1047),  as  it  is  sound  and  durable,  l^^-in.  angle-iron  bars  are 
fixed  at  the  head  and  sill,  and  in  the  case  of  a  transome  a  2-in  T  is  employed, 
partly  covered  with  lead  as  shown.     The  lead  forms  a  seating  foi-  the 


1046.— Dome  in  British  Challenge  Glazing 
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vertical  bars  and  enables  them  to  be  screwed  firmly  to  the  angle  and  T  bars 
without  fear  of  fracture,  thus  protecting  the  steel  from  moisture  and  at  the 
same  time  serving  the  main  purpose  of  keeping  out  the  wet  at  the  junction 
of  the  bars  with  the  head,  sill,  and  transome.  In  the  case  of  wood  heads 
and  sills  the  vertical  bars  would  be  fixed  in  the  ordinary  way  with  brackets 
supplied  for  the  purpose.  The  best 
effect  is  obtained  by  covering  the 
top  rail  entirely  with  lead  on  the 
upper  side,  bringing  it  well  down 
over  the  glass  in  front,  then  dressing  ' 
it  neatly  to  the  bar  section.  The 
lead  should  be  put  on  first,  and  the 
bars  fixed  afterwards,  the  brackets 
being  screwed  on  to  the  lead  with 
thick  red -lead  paint  bedded  in  be- 
tween, only  the  final  dressing  and 
trimming  of  lead  to  be  left  after  fix- 
ing 'the  bars. 

Ventilation  in  this,  as  in  most 
systems  of  glazing,  should  occur  at 
the  top  of  the  roof,  so  that  the  vents 
can  be  properly  flashed.  Challenge 
ventilators  are  made  of  T  iron 
arranged  to  lap  the  central  project- 
ing piece  of  the  bar  (No.  1,  fig.  1048), 
and  to  form  the  rebate  on  the  upper 
side  for  glass.  On  the  vacant  rebate 
of  the  glazing  bar  an  angle  iron  is 
fixed  and  the  lead  wing  trimmed  off 
at  the  apex  (see  fig.  1048).  The 
angle  iron  at  the  bottom  is  fixed 
reversely  with  another  angle  iron 
attached  to  the  ventilator  and  over- 
lapping with  the  glass,  the  bars  being 
carried  well  over  to  prevent  the  pos- 
sibility of  wet  being  driven  back  by 
the  force  of  the  wind  (No.  2,  fig. 
1048).  It  is  winged  from  the  top, 
care  being  taken  to  allow  the  lead 
flashing  plenty  of  play.  The  most 
satisfactory  job  for  hinged  skylights 

is  made  by  a  double  flashing  which  leaves  the  outer  apron  quite  free, 
whilst  the  under  lead  is  fixed  to  the  ridge  or  wall  plate  as  the  case  may 
be  and  dressed  over  the  skylight.  Much  of  course  depends  upon  the 
position  of  the  butt  hinges  and  the  form  of  skylight,  and  also  upon  the 
local  conditions.  It  is  one  of  the  points  that  need  careful  watching  and 
arrangement  to  ensure  that  the  constant  working  of  the  ventilator  does 
not  cause  the  lead  to  split,  and  as  a  certain  amount  of  friction  is  unavoid- 
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grooves  on  either  side  (fig.  1049),  the  sections  being  capable  of  spanning  from 
6  to  13  ft.  To  reap  the  fullest  advantage  of  the  groove  provided  for  conden- 
sation, the  convex  side  of  the  glass  should  be  uppermost.  In  most  kinds  of 
glass  a  slight  curve  is  apparent,  and  if  these  directions  for  glazing  are 

carefully  followed  the  condensation  water 
will  drain  into  the  grooves  without  further 
trouble.  In  the  majority  of  special  glazing 
systems  this  is  the  better  course  to  follow, 
although  in  ordinary  putty  glazing  the 
reverse  is  observed,  the  object  being  in  this 
Iv  latter  case  to  drain  the  water  from  the 
^  bars  and  encourage  it  to  run  down  the 
middle  of  the  panes  of  glass.  In  a  long 
roof  a  drip  should  be  formed  at  least  every 

Fig.  1049.— Pennycook's  Glazing  System         10  It.     This  should  leave  about  4  in.  from 

face  to  face  of  the  upper  and  lower  sheets 
of  glass,  and  can  be  formed  by  slightly  tilting  the  L,  T,  or  H  purlins,  so 
that  it  will  not  be  necessary  to  pack  out  from  the  principal  rafter 
(fig.  1050).  The  lead  flashing  enables  the  condensed  moisture  to  escape 
without  draught  and  also  effectually  prevents  any  driving  back. 


SPECIAL  GLAZING  METHODS 


291 


Messrs.  Mellowes  &  Co.'s  Eclipse  glazing,  in  addition  to  the  double 
channel,  has  wings  or  webs  as  an  extra  guard  against  wind  and  weather 
(fig.  1051).     This  system  was  used  when  it  was  found  necessaxy  to 


Fig.  1050.— Drips  or  Overlaps  in  Long  Koof 


reglaze  part  of  the  Crj^stal  Palace.  The  Eclipse  cover  for  wood  bars 
(No.  2)  has  only  one  channel  at  the  bottom,  otherwise  it  is  practically 
the  same  as  lead-cased  steel  bars.  Sheathed  steel  bars  are  fitted  with 
copper  caps  at  the  ends,  and  take  the  same  span  as  the  majority  of  patent 


Fig  1051. — Mellowes  &  Co.'s  Eclipse  Glazing 


glazing  bars.  When  a  break  occurs  in  roof  glazing  the  bars  are  splayed 
off  under  the  lap,  thus  reducing  the  depth  of  the  lap  to  2h  in.  In  the 
space  taken  up  by  the  bar  between  the  purlin  and  glass  an  extra  piece 
of  lead,  L-shaped  in  section,  is  fixed  as  a  windguai-d  (No.  3,  fig.  1051);  a 
substitute  for  lead  being  found  in  felt,  which  more  readily  absorbs  moisture 
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and  prevents  draughts,  but  is  less  durable.  Sometimes  both  lead  and 
felt  are  used. 

The  British  Luxfer  Prism  Syndicate  makes  a  lead-cased  section  with 


Fig.  1052.— Britisli  Luxfer  Prism  Syndicate's  Fig.  1053.— Remlle's  Iiivincilile 

Glazing  System  Glazing 


double  grooves  on  either  side  and  a  hollow  bed  for  the  glass  to  rest  upon 
(fig.  1052).  This  section  is  calculated  to  carry  8  ft.  between  the  purlins, 
and  the  break  at  the  purlins  would  be  arranged  as  in  the  previous  sections. 


Fig.  1054.— Helliwell's  Perfection  Glazing 


The  same  makers  have  a  steel  bar  with  a  copper  cap  (fig.  1055),  but 
as  the  glass  has  no  bed  except  on  iron  other  sections  will  be  found  more 
suitable  for  steel-constructed  buildings.  It  is  used  for  fixing  their  metal- 
glazed  prisms  and  serves  that  special  purpose  admirably. 


Fig.  1055.— Luxfer  Prism  Syndicates  Glazing  Fig.  1056.— Braby's  Glazing 

Bar  with  Copper  Cap 

Of  the  other  systems  of  dry  glazing  with  zinc  and  copper  the  following 
are  worth  noting. 

Rendle's  Invincible  (fig.  1053)  has  the  section  arranged  obliquely,  so 
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that  it  may  give  with  any  extraordinary  pressure  and  prevent  fracture 
of  glass.  In  fixing  this  care  must  be  taken  not  to  screw  the  nuts  (which 
fix  the  caps  and  glass)  too  tightly.  This  section  is  supplied  both  for  wood 
and  iron  bars,  but  may  be  employed  alone  for  short  lengths  up  to  4  ft. 


Fig.  1057.— Helliwell's  Glazing  with  Zinc  Cap  Fig.  1058.— Clark's  Glazing 

Helliwell's  Perfection  glazing  has  bars  of  iron  with  a  lead  or  zinc  cap 
fixed  by  a  patent  hard-metal  clip  screwed  down  with  a  brass  bolt  and  nut 
(fig.  1054).  The  glass  beds  directly  upon  the  iron,  and  in  some  cases  this 
may  be  a  source  of  danger;  it  is,  however,  obviated  in  the  G  section  bar 
{No.  2,  fig.  1054),  which  has  asbestos  seating  for  the  glass  both  above  and 


Fig.  1059.— Special  Glazing  on  Slate  and  Corrugated-iron  Eoofs 


IdcIow,  thus  preventing  the  actual  contact  of  the  glass  and  iron,  and  in  this 
-section  we  find  the  ends  finished  with  brass  stops. 

In  addition  to  these  there  are  zinc  sections  made  for  light  roof  glazing. 
We  give  three  examples,  M^hich  speak  for  themselves: — Messrs.  Braby's 
.(fig.  1056),  Messrs.  Helliwell  &  Co.'s  (fig.  1057),  and  Messrs.  Clark's  of 
Heading  (fig.  1058). 
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In  conclusion  wo  give  one  or  two  sections  showiTig  patent  glazing  joined 
on  to  slates  and  corrugated  iron  (tig.  1059).  No.  1  is  a  section  through  the 
side  of  a  toplight  in  a  slated  roof,  and  shows  a  raised  wooden  frame  over 
which  the  lead  flashing  is  laid;  No.  2  is  a  section  through  the  top  of  a 
similar  skylight,  the  lead  flashing  in  this  case  being  carried  over  the  tilting' 
fillet  under  the  slates.  Nos.  3  and  4  are  sections  through  the  side  and  top 
of  a  skylight  in  a  corrugated-iron  roof. 

No  outside  painting'  is  necessary  in  these  systems,  and  only  in  a  few 
cases  is  it  necessary  on  the  inside.  The  difficulty  of  access  to  roofs  makes 
the  painting  of  large  ones  a  very  heavy  item,  and  it  will  be  easily  under- 
stood that  these  ingenious  contrivances  for  glazing  supply  a  real  necessity 
and  will  always  be  in  demand  in  some  shape  or  form. 
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SPECIFICATIONS,  QUANTITIES,  AND 
ESTIMATES 


CHAPTER  I 

MEASUEEMENT  OF  EXTERNAL  PLUMBERS'  WORK 

There  are  few  trades  in  whicli  the  surveyor  has  to  use  his  discretion 
more  than  in  the  one  under  consideration.  From  the  very  nature  of  the 
work,  it  is  impossible  to  show  on  the  drawings  all  the  details.  In  addition 
to  this  there  are  numerous  "  allowances  "  that  have  to  be  made  for  passings, 
rolls,  drips,  &c.  Frequently  the  information  given  on  the  drawings  and 
in  the  specification  is  somewhat  scanty;  the  surveyor  therefore  must  be 
in  a  position  to  supplement  this  according  to  the  generally  accepted  rules 
of  the  trade. 

A  general  rule  to  be  safely  followed  is  to  consider  10  ft.  as  the  maximum 
length  of  the  sheets  to  be  used  in  flats,  gutters,  or  flashings,  or  in  fact  in 
any  work,  and  in  the  case  of  flats  to  allow  for  rolls  being  at  a  maximum 
spacing  of  2  ft.  6  in.  It  will  therefore  be  necessary  to  take  drips  in  flats 
and  gutters,  and  laps  or  passings  in  flashings,  &c.,  wherever  this  length  is- 
exceeded. 

In  this  connection,  as  in  most  other  subjects,  a  practical  demonstration 
is  worth  a  great  deal  of  theory.  We  therefore  give  in  Plate  XLIV  a  series 
of  drawings  showing  most  of  the  forms  of  leadwork  on  an  oi'dinary  roof, 
and  an  average  specification  is  given  below,  followed  by  examples  of 
" taking-oflf",  "abstracting",  and  "billing".  The  student,  by  carefully 
following  these,  will  be  in  a  position  to  deal  with  any  ordinary  measure- 
ment of  "  external  plumbers'  work  ".  The  measurement  of  more  elaborate 
work  is  only  an  extension  of  the  general  principles  herein  set  forth. 

In  the  absence  of  any  special  notes  in  the  specification,  the  following 
allowances  are  usually  considered  fair: — Rolls  on  flats,  in  addition  to  the 
full  measurement  of  flat,  9  in.  for  each  2-in.  roll  and  7  in.  for  each  1^  in.; 
ridge  and  hip  rolls,  1  ft.  6  in.  girth;  cover  flashings,  6  in.;  stepped  flash- 
ings, 8  in.  wide;  apron  flashings,  1  ft.  girth;  turn  up  of  gutters  and  flats,. 
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G  in.  against  walls  and  other  vei'tical  faces,  and  9  in.  up  slopes  of  roofs; 
passings  and  angles  in  flashings,  coverings  to  hip  and  ridge  rolls,  &c.,  6  in. 
■each,  with  a  similar  allowance  at  each  end. 


SPECIFICATION 


•Generally. 


■Gutters  arid 
Flats. 


Dormer. 


Valleys. 

Hips  and 
Ridges. 


Flashings,  dc. 


All  lead  to  be  best  milled  and  of  the  full  weights  specified,  and  to  be 
well  and  evenly  dressed  without  injury  to  the  surface. 

No  solder  to  be  used  except  where  absolutely  unavoidable. 

Lay  the  flat  and  gutters  (except  secret  gutters  and  those  behind 
chimneys)  with  7-lb.  lead  laid  to  falls  of  1^  in.  in  10  ft.,  with  Si-in.  drips, 
and  neatly  dressed  over  rolls  and  to  roof  slopes,  &c.  Form  bossed  (or 
soldered)  cesspools  at  ends  of  valley  gutters  lined  with  similar  lead,  and 
carry  from  each  a  3-in.  drawn-lead  pipe  of  8-lb.  lead  into  rainwater  head. 

The  gutters  behind  chimneys  to  be  laid  with  6-lb.  lead. 

The  top  of  dormer  to  be  covered  with  6-lb.  lead  laid  to  proper  falls, 
neatly  dressed  over  rolls,  and  with  5-lb.  lead  copper-nailed  strips  at  sides 
and  along  front  edge.  The  cheeks  of  dormer  to  be  covered  with  5-lb. 
lead  secured  with  necessary  screws  and  washers  and  soldered  dots,  and  to 
have  narrow  strips  as  above  closely  copper-nailed  to  the  vertical  edges, 
and  the  top  edges  fixed  with  open  copper  nailing. 

The  valleys  to  be  laid  with  6-lb.  lead  18  in.  wide,  welted,  and  open 
copper- nailed  on  both  edges. 

The  hip  and  ridge  rolls,  where  shown,  to  be  covered  with  5-lb.  lead. 
The  hip  A  to  have  4-lb.  lead  soakers  9  in.  wide,  worked  in  with  the 
slates. 

The  hips  B  to  have  4-lb.  lead  secret  lining  9  in.  wide,  with  welt  on  both 
edges. 

All  flashings  to  be  of  5-lb.  lead.  Cover  flashings,  6  in.  wide ;  stepped 
do.,  8  in.  wide;  apron  flashings,  1  ft.  wide;  stepped  do.,  1  ft.  2  in.  wide. 
That  to  front  of  dormer  to  be  turned  up  behind  sill  and  close  copper- 
nailed,  and  the  lower  edge  to  be  escalloped  to  detail. 

The  sides  of  chimneys  to  have  5-lb.  lead  secret  gutters  1  ft.  wide. 

The  slopes  of  lower  roof  against  brickwork  and  to  sides  of  dormer  to 
have  4-lb.  lead  soakers  10  in.  wide,  worked  in  with  the  slates,  with  cover 
flashing  as  above. 

The  slopes  of  upper  roof  against  brickwork  (except  to  chimneys)  to 
have  apron  flashings  as  above. 


PLATE  XLIV 


MEASUREMENT  OF  EXTERNAL  PLUMBERS'  WORK 

TAKING-OFF 


29^ 


17-0 
9-0 


153-0 


7 -lb.  lead  flat. 


FLAT 

Length  of  fiat,  12'  6" 
Up  slope,  0'  9" 

Rolls,  5  /9"  =    3'  9" 

17'  0" 


Width  of  fiat,  8'  0" 
Up  slope, '  0'  9" 
Into  (/utter,     0'  3" 

9'  0" 


Bossed  ends  to  rolls. 
Do.   against  slope  of  roof. 


2/4/ 
/  / 


14-2 
2-8 

0-9 
0-6 


37-9 

3-0 
40-9 


GUTTERS 

Lenr/fh  nf  gutter,  12'  0" 
"  '  '  0'  9" 

0'  8" 
0'  9" 


Up  slope, 
Drip, 

Roll  at  front, 


7-lb.  lead  gutter. 
Add 


14'  2" 


Between  slopes 
Width  at  top,       V  7"' 
Do.     bottom,  0'  9"" 

2'  4"^ 

Average,    V  2" 

Up  slopes  2     =  re"" 

2'  8" 


Cesspool, 


7'/ 

2/1 


14-2 
2-3 


13-6 
0-6 


13-0 


=  2 
=  2 


31-11 


6-9 


Extra  labour  and  solder  to  cesspool. 

3-in.  lead  outlet  pipe  1  ft.  9  in.  long  =  8-lb.  lead,  one  end  tafted 
and  soldered  to  lead  cesspool,  the  other  dressed  into  rainwater 
head.  and 
Copper  wire  domical  grating  over  outlet. 

Against  wall 
Width  at  top,       r  .3" 
Do.     bottom,  0'  9"" 


7-Ib.  lead  gutter. 


2'  0" 

Average,  V  0"" 
Up  slope,  0'  9"^ 
Up  wall,    0'  6"" 

2'  3" 


Note. — Cesspool,  &c.,  twiced  with  previous  items. 


Length  of  fiashing,  12'  0" 
Passing,  0'  6" 

Ends,  2 y'6"  1'  0" 

13'  6" 


5-lb.  lead  cover  flashing. 

Lead  wedging.    Note. — The  "passing"  is  not  added  in  this  item. 
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VALLEYS 


2/ 

/ 


3/2/ 


2  / 
/ 


16-0 
1-6 


14-6 


12-6 
1-6 


11-0 


6-6 
1-6 


5-6 


71-0 
1-6 


31-6 
1-6 


V 
V 


24-0 


29-0 


56-3 


66-0 


9-9 


11-0 


106.6 


47-3 


6-lb.  lead  valley  including  welted  edges. 


Open  copper  nailing. 


Long  valley  lower  roof 
Lenijth  of  valley,  14'  6" 
Passim/,  0'  6" 

Ends,  2y6"  1'  0" 

16'  0" 


Three  short  valleys 
lower  roof 
Lenijth  of  valley,  11'  0" 
Passinij,  0'  6" 

Ends,  2j&'   =      1'  0" 

12'  6" 


6-lb.  lead  valleys  as  before. 


Open  copper  nailing. 


6-lb.  lead  valleys  as  before. 


Valley  upper  roof 
Length  of  valley,  5'  6" 
Ends,  216"         1' 0" 


6'  6" 


Open  copper  nailing. 


EIDGES  AND  HIPS 

Lower  roof 
Lenyth  of  ridge.  30'  0" 


Bo. 
Bo. 


Passings,  ri'2/6" 
Ends,  3 ^2 je" 


18'  0" 
18'  0" 

66'  0" 
2'  0" 
3'  0" 

71'  0" 


5 -lb.  lead  covering  to  ridge  roll. 
Bossed  ends  to  rolls. 

Do.     against  vertical  face. 

Do.     against  sloping  face. 


Upper  roof 
Length  of  ridge,    13'  0" 
Bo.  16'  0" 

29'  0" 

Passim/s,  2/6"  =  1'  0" 
Ends,  2/6"  =  1'  0" 
Angle,  0'  6" 

31'  6" 


fi-lb.  lead  covering  to  ridge  roil. 
Bossed  returned  end. 
Bossing  at  mitre. 
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V 

19'6 
1-6 

58'6 

7 

0-  9 

1-  0 

20-3 

20-0 
0-9 

15-0 

15-0 
1-0 

30-0 

7 

15-0 

30-0 
6-2 

6-2 
1-0 

6-2 

6-2 
1'9 

10-10 
3-1 

6-2 
0-6 

ti-2 

Bossing  at  intersection  of  ridge  and  two  hip 
rolls. 


5-lb.  lead  covering  to  hip  roll. 
Bossing  at  feet  of  hip  rolls. 


Length  of  hip,  18'  0" 
Passinqs,  0'  6" 

Ends,  2/6"  =    1'  0" 


Hip  A 


19'  6" 


Note. — The  length  of  hip  is  18  ft.,  and  allowing  one  soaker  to  each 
course  of  slating,  the  slates  being  of  "countess"  size  laid  to  a 
gauge  of  8  in.,  the  number  of  soakers  on  this  length  will  be  27, 
therefore — 


4-lb.  lead  soakers  (fixing  by  slater). 


Hips  B 
Length  of  hip,    1 2'  0" 
Do.         5'  6" 

17'  6" 

Passinq,  0'  6" 

Ends,  2  12  /6"  =  2'  0" 


20'  0" 


4-lb.  lead  hip  including  welted  edges. 

WORK  AROUND  CHIMNEYS 


Secret  gutters 
to  chimnej's 
Length  on  slope,   8'  0" 
Do.  5'  0" 

13'  0" 

Ends,  2 j2 JQ"  =  2'  0" 


15'  0" 


5-lb.  lead  in  secret  gutters. 

Lead  wedging  to  stepped  flashing. 


Aprons  to  chimneys 
Length,  1'  6" 

Do.  2'  8" 

4'  2" 

Ends,  2 y'2 JG"  -  2'  0" 


6'  2" 


5-lb.  lead  apron. 
Lead  wedging. 
Width, 

Turn-up  on  roof, 
Do.  chimney. 


6-lb.  lead  gutters. 

5-lb.  flashing. 
Lead  wedging. 


6" 
9" 
6" 

1'  9" 


Gutters  behind  chimneys 
Length,  r  6" 

Do.  2'  8" 

4'  2" 

Ends,  2 y2 JQ"  =  2'  0" 


6'  2" 


VOL.  III. 


12S 


302 


SPECIFICATIONS,  QUANTITIES,  AND  ESTIMATES 


WORK  TO  SLOPES  NEXT  BRICKWORK 


7'V 


7 
7 


7 

2  /8 


/7 


0-10 

ro 


13-6 
0-8 


13-0 


12-3 
1-2 


11-9 


6-3 
4-11 


12-6 

~ 

V 
V 

3-6 
3-6 

3-6 

7 

3-6 

0-  10 

1-  0 

6-6 
1-0 

5-  6 

6-  6 


30-0 


18-0 
26-0 


14-4 


30-9 


12-  3 
7-0 

7-0 

13-  4 
6-6 


4-Ib.  lead  soakers. 


Lower  roof 
Length  of  slope,  12'  0" 
See  "soakers  to  hips"  for 
arriving  at  number 
Lenytli,  12'  0" 

Passing,  0'  6" 

Ends,  2j&'  =     1'  0  ' 

13'  6" 


5-lb.  stepped  flashing. 

Lead  wedging  to  stepped  flashing. 


5-lb.  stepped  flashing. 
Lead  wedging  to  do. 

DORMER 


Upper  roof 
Length  of  slope,  10'  9" 
Passing,  0'  6" 

Ends,  2j&'  =      1'  0" 

12'  3" 


Top  (ly  rolls) 
Width,    3'   6"  Length, 
Welt,      0'   1"        Welts,  2/1" 
Up  roof,  0'   9"  Roll, 
Roll,       0'  7" 


4'  11" 


h'  6" 
0'  2" 
0'  7" 

6'  3" 


6-lb.  lead  covering  to  dormer  top,  including  rolls  and  welted  edges. 

b'  6" 

2 y'3'  6"  =  7'  0" 
12'  6" 

Strip  of  5-lb.  lead  2  in.  wide,  close  copper  nailed  one  edge. 
Bossed  ends  to  rolls. 

Do.    against  slope  of  roof. 
Bossing  at  4-way  intersection. 


Cheeks 


5-lb.  lead  to  dormer  cheeks. 


Strip  of  5-lb.  lead  3  in.  wide,  close  copper  nailed  and  welted 

(to  vertical  front  edges). 

Solder  dots  and  brass  screws  and  washers. 


Open  copper  nailing. 
4-lb.  lead  soakers. 


Soakers 

Length  of  slope,  5'  0"  =  8  soakers 
Apron 
Lenr/th  of  sill,  5'  6" 
Ends,  2j&'  =  r  0" 

6'  6" 


5-lb.  lead  apron. 
Close  copper  nailing  to  oak. 

Cutting  escalloped  edge  to  5-lb.  lead  apron  to  detail 
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SPECIFICATIONS,  QUANTITIES,  AND  ESTIMATES 

BILLING 


Cwt 

qr. 

lb. 

15 

2 

22 

1 

1 

22 

5 

1 

12 

1 

1 

10 

9 

1 

25 

0 

2 

5 

1 

2 

17 

2 

1 

2 

Ft. 

7 

run 

25 

68 

113 

6 

13 

„ 

7 

No. 

11 

1 

8 

1 

2 

1 

1 

1 

2 

2 

2 

2 

All  lead  to  be  best  milled  and  of  the  full  weights 
specified,  and  to  be  well  and  evenly  dressed  without 
injury  to  the  surface. 

No  solder  to  be  used  except  where  absolutely  un- 
avoidable. 

Milled  lead  and  labour  in  flats,  gutters,  and  flashings 
Do.  in  stepped  flashings 

Do.  in  valleys  and  hips,  including  welted  edges 

Do.  in  .secret  gutters 

Do.  in  covering  to  hip  and  ridge  rolls 

Do.  in  covering  to  cheeks  of  dormers  ... 

Do.  in  covering  to  tops  of  dormers,  including  rolls 

and  welted  edges 
Do.  in  soakers  (fi.^iiig  by  slater) 


Cutting  escalloped  edge  to  5  lb.  apron  to  detail 
Lead  wedging  to  flashings 
Do.  to  stepped  do. 
Open  copper  nailing 
Close  do.  to  oak  . . 
Strip  of  5-lb.  lead  2  in.  wide,  close  copper  nailed  one 


Do.  3  in.  wide  do.  and  welted  ... 

Labour  to  bossed  ends  to  rolls 
Do.  to  do.  against  vertical  face 
Do.  to  do.  against  slope  of  roof 
Do.  to  bossing  at  4-way  intersection  ... 
Do.  to  bossed  ends  to  hip  rolls 
Do.  to  bossed  returned  end  to  ridge  roll 
Do.  to  bossing  at  mitre  in  do.  ... 
Do.  to  bossing  at  intersection  of  ridge  and  two  hip 
rolls 

Solder  dots  and  brass  screws  ... 

Extra  labour  and  solder  to  cesspool 

Copper  wire  domical  gratings  over  outlets  in  do. 

3  in.  diameter  lead  outlet  pipes  1  ft.  6  in.  long,  equal 
to  8-lb.  lead,  one  end  tafted  and  soldered  to  lead 
cesspool,  the  other  dressed  into  rainwater  head    . . . 


£ 

s. 

d. 

30/ 

23 

10 

11 

30/6 

2 

4 

1 

30/6 

8 

3 

5 

31/ 

2 

1 

6 

30/6 

14 

9 

0 

30/6 

0 

16 

7 

30/9 

2 

10 

9 

26/ 

2 

19 

0 

/8 

0 

4 

8 

/1 3 

0 

3 

8 

/2 

0 

11 

4 

/2 

0 

18 

10 

/3 

0 

1 

6 

/6A 

0 

7 

1 

1  ^  2 

0 

5 

7 

/6 

0 

5 

6 

/6 

0 

0 

6 

m 

0 

4 

4 

1/10 

0 

1 

10 

0 

1 

1 

/lO 
/8 

0 

0 

10 

0 

0 

8 

1/6 

0 

1 

6 

V 

0 

2 

0 

3/6 

0 

7 

0 

2/ 

0 

4 

0 

8/4 

0 

16 

8 

£ 

61 

13 

10 

Note. — The  price  of  lead  being  subject  to  great  fluctuation,  these  prices  must  be  taken  as  approxi- 
mate only  for  good  class  work.  They  are  under  ordinary  conditions  remunerative  when 
the  cost  of  the  lead  does  not  exceed  £22,  15s.  per  ton. 


CHAPTER  II 

MEASUREMENT  OF  INTERNAL  PLUMBERS'  WORK 

The  first  paraorrapli  of  Chapter  I  applies  with  equal  foice  to  this 
cliapter  as  to  the  former  one,  the  surveyor  having  to  settle  in  his  mind 
the  run  of  the  pipes  which  will,  in  all  probability,  be  adopted  by  the 
plumber  in  executing  the  work. 

In  order  to  give  a  practical  demonstration  of  the  method  of  measuring 
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and  preparing  a  Bill  of  Quantities,  we  have  taken  as  an  example  the 
Drawings  (figs.  1060  and  1061),  Specification,  Dimensions,  Abstract  and 
Bill  of  Woi-k  actually  carried  out  for  a  house,  and  have  amplified  the 


-|mm|imi|  I  I  I  T  1  =1 

SCALE    ot-  r"EET. 

Fig.  1060.— Ground-floor  and  First-floor  Plans  of  House 

references  in  the  Dimensions  where  necessary,  to  enable  the  i-eader  more 
easily  to  trace  the  measurements  from  the  Drawings. 

In  "  taking-ofiP"  the  items  are  taken  generally  in  the  order  of  the 
Specification. 
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WEDT  r:i-t:VATiois. 

Fig.  1061. --Elevation  and  Part  of  Second-floor  Plan  of  House 


SPECIFICATION 

(See  figs.  1060  and  1061.) 

^^enerally.  All  lead  to  be  best  milled  and  of  the  full  weights  specified. 

Lead  pipes  to  be  best  drawn,  all  dimensions  given  being  internal, 
and  to  be  laid  complete  with  all  necessary  wiped  solder  joints,  holdfasts, 
brass  unions,  lead  tacks,  &c.,  and  so  as  to  empty  themselves. 

All  cocks  to  be  best  full-way  high-pressure  screw-down  in  gun  metal, 
from  an  approved  maker,  with  screwed  bosses. 

All  iron  pipes  to  be  best  galvanized  wrought-iron  steam  tubing  fitted 
■with  bends,  junctions,  short  pieces,  and  all  necessary  connectors,  galvanized 
holdfasts,  &c. 

isterm.  Provide  and  fix  in  cistern  room  two  wrought-iron  galvanized  and 

riveted  cisterns  of  |-in.  plate  to  hold  150  gallons  each,  connected  near 
the  bottom  with  Ij-in.  iron  pipe  and  flynuts;  fix  in  side  of  one  cistern 
|-in.  full-way  equilibrium  ball  valve  with  large  copper  ball,  screw  ferrule, 
flynut,  and  union,  and  connect  supply  pipe  to  same;  fix  H-in.  lead  over- 
flow pipe  14  lb.  per  yard,  connected  to  cistern  with  brass  boiler-screw 
union,  flynut,  and  washer,  and  made  to  discharge  into  lead  safe  over  the 
outlet  from  same. 
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Under  cisterns  fix  5-lb.  lead  safe  3  in.  deep  neatly  bossed  at  angles, 
and  with  the  edges  closely  copper-nailed  to  the  wood  rim ;  fix  from  safe 
H-in.  lead  waste  pipe  14  lb.  per  yard  carried  through  gable  wall,  over 
yard,  and  fitted  with  hinged  copper  flap  valve  at  end ;  the  boards  and 
lead  around  outlet  of  safe  to  be  slightly  dished. 

Water  swpply.  Pay  all  fees,  and  connect  to  Water  Company's  main  in  road  with  screw 
ferrule,  and  lay  on  to  cistern  |-in.  galvanized-iron  service  pipe,  and  dig 
for  and  lay  same  2|  ft.  below  finished  surface  of  ground ;  at  point  near 
fence,  where  directed,  fix  |-in.  stop  cock  approved  by  the  Water  Company 
in  brick  access  pit,  with  iron  cover  and  frame,  and  long  wrought -iron 
key ;  at  point  where  the  pipe  enters  the  scullery  fix  |-in.  stop  cock,  as 
above,  with  porcelain  enamelled  label  marked  "  No.  2 ",  and  over  the 
scullery  sink  fix  |-in.  bib  cock  to  empty  the  services,  and  behind  this 
cock  fix  porcelain-enamelled  label  marked  "Drinking  Water",  the  supply 
pipe  to  be  turned  over  into  top  of  cistern,  the  wood  cover  being  cut  for 
the  purpose. 

Drill  one  cistern  4  in.  from  bottom  and  connect  with  |-in.  brass  boiler 
union,  and  carry  |-in.  lead  pipe  9  lb.  per  yard  down  to  the  west  bath 
room,  and  in  this  pipe,  close  to  cistern,  fix  |-in.  stop  cock  with  porcelain- 
enamelled  label  marked  "  No.  3  " ;  from  this  pipe  run  |-in.  lead  branches, 
as  above,  for  cold  supply  to  two  baths  and  to  sink  in  scullery,  and  ^-in. 
do.  6  lb.  per  yard  to  three  lavatories,  sink  in  pantry,  four  W.C.  cisterns, 
two  points  over  sink  in  laboratory,  and  drip  sink  on  second  floor. 

Fix  one  |-in.  and  tioo  \-m..  stop  cocks,  as  above,  on  branch  services, 
where  directed,  with  porcelain-enamelled  labels  marked  "No.  4",  "No.  5", 
and  "No.  6". 

Hot-water  Drill  bottom  of  cistern  and  connect  as  before,  and  carry  from  same 

services.  Ij-in.  lead  pipe  16  lb.  per  yard,  and  connect  to  bottom  of  hot-water 

cylinder  in  scullery,  and  in  this  pipe,  close  to  the  cistern,  fix  Ij-in.  stop 
cock  with  loose  spanner  and  porcelain -enamelled  label  marked  "No.  7 

In  scullery  provide  and  fix  on  proper  wrought  fir  bearers  in  cupboard 
a  Y^-in. -plate  galvanized  wrought-iron  cylinder  1  ft.  8  in.  diameter  and 
4  ft.  high  to  hold  53  gal.,  with  manhole  and  bolted  cover,  indiarubber  ring, 
and  four  screwed  flanges. 

Drill  top  of  boiler  in  kitchen  range,  and  connect  with  screwed  union 
(which  must  not  project  inside  the  boiler)  and  1^-in.  galvanized-iron  flow 
pipe  to  side  of  cylinder,  and  with  bend  inside  cylinder,  and  carried  up 
half  the  height ;  from  this  pipe,  in  convenient  position  near  boiler,  fix 
|-in.  tee  piece  and  iron  pipe  fitted  with  |-in.  gun-metal  dead-weight  safety 
valve ;  from  bottom  of  cylinder  to  bottom  of  side  of  boiler  fix  1^-in. 
galvanized-iron  return  pipe  having  Ij-in.  to  |-in.  tee  and  |-in.  cock  with 
loose  spanner  at  lowest  point,  for  emptying  boiler;  fit  up  from  top  of 
cylinder  H-in.  galvanized-iron  rising  main  carried  through  roof  and 
turned  over  at  end,  and  from  this  pipe  fit  up  1-in.  iron  secondary  flow 
through  scullery,  pantry,  &c.,  to  the  back  of  linen  cupboard,  with  return 
to  cylinder  or  to  main  return  pipe. 

iVote. — Round  or  square  elbows  must  not  be  used  in  any  of  the  flow 
and  return  pipes,  but  all  changes  of  direction  must  be  made  with  easy 
bends,  and  all  pipes  must  be  laid  to  rise  from  the  boiler. 

Setting  out.  Mark  out  the  course  for  all  hot-water  pipes,  and  obtain  the  architect's 

approval  before  laying  the  pipes. 

Temperature.  The  hot-water  service  will  not  be  passed  unless  one  bath  can  be  filled 

up  to  the  overflow  with  water  at  120°  F.  after  the  kitchen  fire  has  been 
burning  for  Ij  hour,  the  water  before  the  test  being  at  the  normal  cold 
temperature. 

Branch  services.  From  the  rising  main  or  from  the  secondary  flow  fit  up  |-in.  iron  pipes 
for  hot  water  to  two  baths  and  to  sink  in  scullery,  and  i-in.  do.  to  three 
lavatories,  one  drip  sink  on  second  floor,  and  to  pantry  sink,  all  the  pipes 
to  be  as  described  above;  fix  in  thi-ee  branches,  where  directed,  two  |-in. 
and  one  ^-in.  stop  cocks  with  labels  enamelled  "No.  8",  "No.  9",  and 
"No.  10". 

Covering  pipes,  Cover  the  cylinder  and  the  primary  and  secondary  flow  and  return 
<&c.  pipes  (but  not  the  branches)  with  approved  asbestos  non-conducting 
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material  on  strong  canvas  backing  securely  fixed  with  strong  wire  or 
metal  ribbon. 

Baths.  Provide  and  fix  in  each  bath  room  a  bath  with  fittings  complete 

(p.c.  £9),  and  allow  for  packing  and  carriage,  &c. ;  fix  under  fittings 
only  of  each  batii  a  safe  of  o-lb.  lead,  18  in.  square  inside  and  3  in.  deep, 
neatly  bossed  at  angles,  and  with  the  edges  closely  copper-nailed  to  the 
wood  rim,  and  fit  up  from  same  l^-in.  lead  waste  pipe  14  lb.  per  yard, 
with  flap  as  described  for  cistern  safe. 

Fit  up  from  the  west  bath  to  the  iron  rainwater  head  outside  1^-in. 
lead  waste  pipe  14  lb.  per  yard,  and  from  the  east  bath  to  the  iron  rain- 
water pipe  outside  the  laboratory  li-in.  galvanized-iron  waste  pipe  with 
Y-pieces  for  connections  of  lavatory  waste  pipe  and  anti-siphonage  pipe, 
and  all  necessary  bends,  hangers,  &c. 

Towel  rails.  Provide  No.  2  towel  rails  (p.c.  i'4  each),  and  allow  for  package,  car- 

riage, and  fixing  with  |-in.  hot  flow  and  return  in  iron. 

Lavatories.  Provide  and  fix  three  lavatories  with  skirting,  fittings,  rails  and 

brackets  (p.c.  £3  per  set  complete),  and  allow  for  packing,  carriage,  &c., 
and  fit  up  fi'om  each  Ij-in.  lead  trap  with  cleaning  eye  and  waste  pipe 
11  lb.  per  yard,  through  wall  to  gully  or  iron  waste  pipe. 

Sinks.  Provide  and  fix  in  scullery  one  strong  white  glazed  fireclay  sink,  36  in. 

by  20  in.  by  6  in.,  from  an  approved  maker,  and  fit  up  to  same  two  |-in. 
cocks  enamelled  "Hot"  and  "Cold",  35-in.  brass  cobweb  grating  and  lead 
cone,  \h-'m.  drawn-lead  S  trap  with  cleaning  eye,  and  l^-in.  lead  waste 
14  lb.  per  yard,  to  gully  outside. 

Provide  and  fix  in  pantry  and  laboratory  two  white  glazed  fireclay 
sinks  30  in.  by  18  in.  by  10  in.,  with  back  overflows,  brass  washers,  vul- 
canite plugs,  flynuts,  and  unions  (p.c.  30s.  each),  and  allow  for  packing, 
carriage,  &c.,  and  fit  up  to  pantry  sink  two  ^-in.  cocks  enamelled  "Hot" 
and  "Cold",  and  to  laboratory  sink  two  ^-in.  cocks  not  enamelled,  each 
sink  to  have  Ij-in.  trap  and  waste  as  specified  for  lavatories. 

Line  the  drip  sink  on  second  floor  with  8-lb.  milled  lead,  bossed  at 
angles,  and  properly  dressed  over  the  wood  frame,  and  fit  up  from  same 
Is-in.  lead  trap  with  cleaning  eye,  and  H-in.  waste  pipe  14  lb.  per  yard 
to  the  rainwater  head  outside  the  bath  room  below ;  the  outlet  from  the 
sink  to  have  3-in.  brass  cobweb  grating,  and  the  lead  to  be  dished  around 
the  grating. 

Water  closets.  Provide  and  fix  No.  4  sets  W.C.  apparatus  with  waste  preventers  and 
brackets,  and  seats  and  brackets  (average  p.c.  .£5  the  set  complete).  Put 
to  each  l^-in.  lead  flush  pipe  14  lb.  per  yard.  Those  on  ground  floor  to 
be  connected  to  bend  of  drain  with  neat  Portland  cement  above  the  level 
of  floor,  and  those  on  first  floor  to  be  connected  to  soil  pipe  with  35-in. 
drawn-lead  bend  (equal  to  8-lb.  lead)  having  strong  brass  socket  and 
sleeve  wiped  on  the  ends,  the  socket  to  be  connected  to  closet  with  yarn 
and  neat  Portland  cement  and  the  sleeve  to  be  connected  to  iron  soil-pipe 
branch  with  caulked  blue-lead  joint. 

Overflow  pipes.  Fit  up  from  four  W.C.  cisterns  |-in.  light  lead  overflow  pipes  carried 
through  the  walls  where  directed. 

Soil  pipe.  Fit  up  one  stack  of  Si-in.  round  cast-iron  soil  pipe  to  L.C.C.  require- 

ments, with  easy  bend  and  foot  rest  at  bottom  bedded  on  Portland  cement 
concrete  6  in.  thick,  'i\-'m.  curved  junction  and  3g-in.  bends  as  shown,  and 
copper  wire  dome  guard  at  top,  all  the  pipes  and  fittings  to  be  coated 
with  Angus  Smith's  solution,  and  all  joints  to  be  made  thoroughly  tight 
with  yarn  and  blue  lead  well  caulked.  That  on  slope  of  roof  to  have 
wood  blocks  and  6-lb.  lead  tiles  to  support  same. 

Anti-siphonag'i  Fit  up  from  the  branches  of  two  W.C.'s  on  the  first  floor  2-in.  lead- 
pipes.  anti-siplionage  pipes  with  wiped  joints,  and  make  one  connection  into 

reversed  junction  in  iron  soil  pipe  with  brass  sleeve  piece  wiped  on  and 

caulked  with  blue  lead. 

Fit  up  from  the  waste  pipes  of  bath  and  lavatory  in  east  bath  room 

1-in.  7niddling  lead  anti-siphonage  pipes,  9  lb.  per  yard,  with  wiped 

junction,  and  carry  up  one  pipe  through  the  main  lead  flat,  which  must 

be  cut  and  tafted  up  and  wiped  to  the  pipe. 


MEASUREMENT  OF  INTERNAL  PLUMBERS  WORK 

TAKING-OFF 


309 


CISTERN  AND  SUPPLY 

V 

Wrought-iron  galvanized  and  riveted  cisterns  J-in.  plate,  each  to 
hold  150  gal.,  and  hoisting  and  fixing  on  second  floor. 

V 

Connecting  two  cisterns  with  length  of  IJ-in.  galvanized  steam 
pipe  and  flynut  between,  and  holes  in  cisterns. 

6-0 

l^-in.  lead  ovei-flow  pipe                                     from  Cistern. 

V 

Bends. 

1/ 

1^-in.  brass  boiler  screw  with  union,  flynut,  and  washer  for  iron 
cistern,  including  hole  in  cistern  and  soldered  joint. 

4-6 
7-0 

Size  of  Safe,         4'  0"          x  6'  6" 
Turn-up,  2  /3"  =     ti"  2/3"=  6" 

31-6 

4'  6"             7'  0" 

5-lb.  lead  safe. 
Close  copper-nailing. 

21-0 

V 

Bossed  angles  to  safes  3  in.  high. 

9-0 

1^-in.  lead  overflow  a.b.  (i.e.  as  before)                        from  Safe. 

~r 

V 

Tafted  and  soldered  joint. 

Copper-hinged  flap  and  soldering  to  1^-in.  pipe. 

50-0 

|-in.  galvanized-iron  steam  tubing  and  laying  in  trench, 
and 

Digging  trench  not  less  than  2  ft.  6  in.  deep  for  service  pipe,  &c., 
filling  in  and  ramming  and  making  good  surface.  Ridnij  main. 

Note. — This  is  an  imaginary  length  from  the  boundaiy  of  site  up 
to  point  where  rising  main  enters  building. 

Allow  for  the  requisite  length  of  j-in.  service  pipe  from  main  in 
road  up  to  boundary  of  site,  including  opening  up  road  and 
path,  and  screw  ferrule,  and  drilling  and  tapping  main,  and  all 

Tx/Q i"r» ViiTi rr  Qnri  li<rnt"i»irr    "StiH  T^Qir  qiI  ti^ag 

42-0 

|-in.  G.I.  steam  tubing  and  fixing  with  holdfasts          to  Cistern. 

V 
1/ 

/ 

|-in.  full-way  equilibrium  ball  valve  with  strong  lover  and  large 
copper  ball,  screw  ferrule,  flynut  and  union,  screwed  for  iron, 
pipe,  and  hole  in  cistern. 

f -in.  stop  cock  approved  by  the  Water  Company,  screwed  for  iron 
both  ends,  and  with  long  wrought-iron  key. 

V 

V 
V 

Brick  access  pit  for  do.,  2  ft.  6  in.  deep,  with  rendered  concrete 
bottom  and  iron  cover  and  frame. 

f -in.  bib  cock  screwed  for  iron.  Scullery. 

|-in.  T                                                                   for  last. 

SERVICES 

V 

|-in.  boiler  screw,  &c.,  a.b. 

From  Cistern  to  West  Wall,                  14'  0" 
To  point  over  A  ngle  of  West  Bath  Room,  17'  0" 
Ti>  Bath-ronm  Floor,                            10'  0" 
7'o  point  over  Scullery  Sink,                 18'  0" 
Doivn  to              do.                           8'  0" 

67'  0" 

Vol.  III. 
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67-0 

=  2 

3-0 

3-0 

44-0 

44-0 

47-0 

7 

7 

=  3 

8-0 

7-0 

14-0 

16-0 

160 

37-0 

37-0 

3-0 

9-0 

ZD  u 

15-0 

15-0 

116-0 

4/ 

1 

7 
"/ 
/ 

1  I 

V 

35-0 

7 
7 

^-in.  lead  service  (9  lb.  per  yard)  and  fixing  with  holdfasts,  &c. 
J-in.  stop  cock  soldered  both  ends. 
A-in.  do. 


f-in.  lead  service  as  last 


Add 


17'  0" 
17'  0" 
10'  0" 

44'  0" 


to  West  Bath. 


to  East  Bath. 


Soldered  joints. 

Do.  to  brass  work  to  Bath  fittings. 

Soldered  stopped  ends.  1  added  for  ScuUery, 

\-m.  lead  service  (6  lb.  per  yard)       to  Pantry  from  ^-in.  service, 

^-in.  service  as  last.        First-floor  Lavatories  from  %-in.  services. 

Add  Ground-floor  Lavatory  from 

i-in.  service  to  Pantry. 

17'  0" 
5'  0" 
5'  0" 
3'0" 
7'0" 

37'  0" 


Add 
Add 


Add 


Add 


Laboratory  from  ^-in.  service. 

to  W.C.'sfrom  nearest  services. 

19'  0" 
3'  0" 
3'  0" 

25'  0" 


to  Servants'  W.C  from  f -in.  service. 

11'  0" 
4'  0" 

15'  0" 


to  Drip  Sink  from  f-tn.  service. 


^-in.  soldered  joints. 

J-in.  do. 

^-in.  soldered  stopped  ends. 

J-in.  soldered  joints  to  brass  work. 


Lavatories  and  W.C.'s. 


HOT- WATER  SERVICES 
]  J-in.  boiler  screw,  &c.,  a.b.  Cold  Service  to  Hot  Water. 

IJ-in.  lead  service  pipe  (16  lb.  per  yard),  and  fixing,  &c. 
Connection  of  do.  to  flange  of  H.-W.  cylinder. 
IJ-in.  stop  cock  a.b.,  but  with  loose  key. 


MEASUREMENT  OF  INTERNAL  PLUMBERS'  WORK 
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■'I 


77 


1/ 

/ 

fV-in.  plate  galvanized  wrought-iion  cylinder,  1'8  diameter  and 
4  ft.  high,  to  hold  53  gal.,  with  manhole  and  bolted  cover, 
india-rubber  ring  and  four  screwed  flanges,  and  fixing  in  cup- 
board in  scullery,  including  fir  bearers. 

1^-in.  screwed  unions  (which  must  not  project  inside  the  boiler) 
screwed  for  iron,  including  drilling  boiler. 

20-0 

li-in.  G.I.  steam  pipe  in  hot-water  service. 

Flow  and  Return  to  Boiler. 
Connection  of  last  with  union  of  cylinder. 

=  3 

"/ 

6-0 

=  2 

l^-in.  T                                                        for  Safety  Valve. 

1  added  for  draw-off. 

|-in.  G.I.  steam  pipe.                                      for  Safety  Valve. 

1  / 

f-in.  gun-metal  dead-weight  safety  valve  in  iron  case,  and  fixing. 

7 

f -in.  brass  bib  cock  with  loose  spanner,  and  screwed  for  iron. 

22-0 

IJ-in.  G.I.  steam  pipe.                                          Rising  Mair.. 

V 

Bend  at  top. 

Note. — Connection  to  cylinder  added  above. 

1  / 

7 

rT/\l p  f" riTnii crn  f"!  1  pfi  TTifiT  iCiV  1  -4 -1 11     (TH Ivmiiypri -i tom   tiinp  inplnnino' 

lead  collar  soldered  on,  and  making  good. 

Fro7)i  (Jyl nider  to  Jjtnen^  42  0 
Across  to  Pantry  Sink,     17'  0" 

tin  i/jvifi'n  /J'jmnri/'i'i'ff              ^  0 

64'  0" 

64-0 

128-0 

1-in.  G.I.  steam  pipe.                                      Flow  and  Return. 

7 

Connection  of  last  to  un.on  of  cylinder. 

8-0 

8-0 

|-in.  G.I  steam  pipe.                                       Service  to  Baths. 

6-0 

6-0 

Add 

14-0 

'•7 

=  3 

1-in.  Tees. 

7-0 
17-0 

7-0 
17-0 

f-in.  G.I.  steam  pipe.                                           Scullery  Sink: 

Note. — T  added. 
|-in.  G.I.  steam  pipe.                               Ground-floor  Lavatory. 

5-0 

10-0 

Add                                                       First-floor  Lavatories. 

7-0 

7-0 

Add  Pantry. 

30-0 

30-0 

Add                                                                     to  Draw-off. 

64-0 

f-m.  Tees. 

7 

1-in.  Do. 

V 

|-in.  stop  cocks  screwed  for  iron  both  ends. 

7 
7 

^-in.  Do. 

7 
7 

Connections  of  |-in.  G.I.  steam  pipe  to  fittings. 
Do.  J  in.  do. 

6-0 

24'0 

|-in.  galvanized  steam  pipe                                  to  Touzl  Rails. 
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77 

=  4 

1-in.  Tees. 

7 

Towel  rails  (p.c.  £4  each),  and  include  for  package,  carriage, 
and  fixing. 

7 
7 

lO'O 
22-0 
64-0 

20-0 
22-0 
128-0 
170-0 

FITTINGS  AND  WASTES 

Covering  pipes  with  approved  asbestos  non-conducting  material 
on  strong  canvas  backing,  securely  fixed  with  strong  wire  or 
metal  ribbon. 

1/ 

Covering  as  last,  to  cylinder. 

7 

Baths  (p.c.  £9  each),  and  include  for  package,  carriage,  and 
fixing. 

Size  of  safe,        V  6" 
Turn-up,  2  /3"  =  6" 

7 

2-0 

8-0 
16-0 

2'  0" 

5-lb.  lead  safe. 
Close  copper-nailing. 

7 

o  U 

=  8 

Bossed  angles  to  safe,  a.b. 

22-0 

1^-in.  lead  waste  pipe  (14  lb.  per  yard)  and  fixing  (bends  mea- 
sured). 

4-0 

Tafted  and  soldered  joints. 

2-4  / 

/ 

7 

=  6 

Bends. 

Copper  flaps  to  l^-in.  pipe,  a.b. 

4  U 

V 

Bends. 

Soldered  joint  to  brass  work. 

27-0 

li-in.  galvanized-iron  waste  pipe  and  fixing  between  joists,  with 
all  necessary  hangers,  &c. 

7 

IJ-in.  Y  junctions. 

7 
7 

Connection  to  bath  trap. 

Lavatories,  with  skirtings,  fittings,  rails  and  brackets  (p.c.  £3 
the  set  complete),  and  include  for  package,  carriage,  and  fixing, 
and  plugging  brackets. 

7 

l;^-in.  drawn-lead  S  or  P  traps  with  brass  cleaning  screw  and 
soldered  joint  both  ends. 

4-0 

l|-in.  lead  waste  pipe  (11  lb.  per  yard)  and  fixing. 

8-0 
10-0 

7 

Connection  to  arm  of  gully  in  neat  cement. 

7 

Connection  of  l:|-in.  lead  pipe  to  junction  in  steam  pipe. 

7 

Strong  white  glazed  fireclay  sink  36  in.  by  20  in.  by  6  in.,  from 
an  approved  maker,  and  fixing.  Scullery. 
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1  / 

f -in.  bib  cock  enamelled  "  Cold  "  and  soldering. 

1/ 

Do.  enamelled  "  Hot  "  and  screwed  for  iron  [with  hot-water  icork). 

1/ 

7 

3^-in.  fine  brass  cobweb  grating,  including  lead  cone  and  soldering 
and  fixing  in  stoneware  sink. 

l^-in.  S  or  P  trap  a.b. 

4-0 

l^-in.  lead  waste  pipe  (14  lb.  per  yard)  and  fixing. 

Bends. 

7 

End  connected  to  arm  cf  gully  a.b. 

7 
7 

White  glazed  fireclay  sinks,  30  in.  by  18  in.  by  10  in.,  with  back 
overflow,  brass  washer,  vulcanite  plug,  flynut  and  union  (p.c. 
30s.  each),  and  include  for  package,  carriage,  and  fixing. 

Fantry  and  Laboratory. 

h-'m.  bib  cocks  and  soldering. 

V 

7 

Do.  enamelled  "  Cold  ". 

Do.  enamelled  "  Hot  "  and  screwed  for  iron  (with  hot-ioater  icork). 

4-0 

l|-in.  lead  waste  pipe  as  before. 

10-0 

2  / 

\\-\n.  S  or  P  traps  a.b.                        Note. — Gratings  added. 

Drip  Sink. 

Size  of  sink,        2'  6"      x        1'  6" 
Turn-up,  2 ^9"  =  1'  6'     2 JQ"  -  V  6" 

4-0 
3-0 

4'  0"                3'  0" 

12-0 

8 -lb.  lead  lining  to  sink. 
Bossed  angles  9  in.  high. 

7 

8-0 

Close  co])per-nailing. 

17-0 

1^-in.  lead  waste  pipe  (14  lb.  per  yard)  and  fixing. 

~r 

7 

Bends. 

1^-in.  trap  a.b. 

7 

l|-in.  tafted  and  soldered  joint. 

7 
7 

3  in.  brass  fine  cobweb  grating,  and  soldering  in  lead  sink. 

W.C.  apparatus,  including  water  waste  preventer  and  brackets,  and 
seat  and  brackets  (average  p.c.  £f>  the  set  complete),  and  include 
for  package,  carriage,  and  fixing,  including  plugging  brackets. 

V 

7-0 

28-0 

li-in.  flush  pipe  (14  lb.  per  yard)  and  fixing. 

"7^ 

4  / 

7 

7 

=  12 

Bends. 

OUIUCI  CU  J  Ulll  Lo   LU   UI  ilbo  WUl  IVi 

Connections  of  H-in.  lead  flush  pipe  to  trap  of  W.C            9'  0" 

5  0" 

14'  U" 
7'  0" 
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7 

7 
V 

3J-in.  drawn-lead  outlet  bends  from  W.C,  average  7  ft.  long  (equal 
in  thickness  to  8-lb.  lead),  with  strong  brass  socket  and  sleeve 
wiped  on  the  ends,  the  socket  to  be  connected  to  closet  with 
yarn  and  neat  Portland  cement,  and  the  sleeve  to  be  caulked 
with  blue  lead  into  iron  soil  pipe  branch,  and  fixing  to  facing. 

First-floor  W.C.'s. 
Connections  of  W.C.'s  to  bend  of  iron  drain  in  neat  cement. 

CrTOund-floor  ]V.C.'s. 

2  ft.  6  in.  lengths  of  |-in.  lead  overflow  pipe  with  soldered  joint 
to  waste  preventer. 

•21-0 

3|-in.  round  C.I.  soil  and  vent  pipe  to  L.C.C.  requirements,  coated 
with  Dr.  Angus  Smith's  solution.    All  pipes  made  thoroughly 
tight  with  yarn  and  blue  lead,  and  fixed  to  facing  with  strong 
nails  to  stand  1  in.  clear  of  walls,  including  all  short  lengths. 

12-0 

Do.  but  fixed  to  tiled  roof,  including  wood  blocks,  6-lb.  lead  tiles, 
&c.,  complete,  and  making  good  around. 

V 

Extra  to  obtuse  bends. 

7 
V 
V 
V 

V 
V 

Do.  to  junctions. 

Do.  to  reversed  junctions  with  2"  arm. 
Do.  to  swan  neck  4^-in.  projection. 

Extra  to  easy  bend  and  foot  rest  at  bottom,  bedded  in  cement 
concrete  6  in.  thick. 

Copper  wire  balloon  grating,  and  fixing  on  top  of  3J-in.  vent  pipe. 

Hole  through  tiled  roof  for  soil  pipe,  including  lead  collar  and 
soldering  and  making  good. 

ANTI-SIPHONAGE  PIPES 

8-0 

8-0 

2-in.  lead  pipe  (24  lb.  per  yard)  and  fixing                   to  W.C.'s. 

3-0 

3-0 

Add 

11-0 

7 

Bend. 

7 

Solder  joints. 

V 

1 

Connection  of  2-in.  lead  pipe  to  reversed  junction  in  iron  soil 
pipe,  with  wiped  soldered  joint,  and  strong  brass  sleeve  piece 
caulked  with  blue  lead  into  junction. 

20-0 

20-0 

1-in.  lead  anti-siphonage  pipe  (9  lb.  per  yard)  and  fixing. 

Bath  and  Lavatory. 

Add 

14-0 

14-0 

34-0 

V 

End  connected  to  junction  in  iron  waste  pipe. 

7 

1-in.  soldered  joints. 

/ 

7 

Hole  through  lead  flat  for  1-in.  pipe  and  tafted  joint. 

LABELS 

Porcelain  enamelled  labels  for  cocks,  lettered  "No.  2",  &c. 

V 

Do.  but  lettered  "  Drinking  Water  ". 

ABSTRACTING.— I.  INTERNAL   PLUMBING,  ETC. 


Supers. 

5-lb.  lead  safes. 


31-6 
8-0 


198  lb. 
96 


!-lb.  le  ad  lining 
to  si  ik. 


•0 
8 

96  lb. 


294  lb. 

cwt.  2-2-14. 


Jiun. 

Close  copper-nailing. 

21-0 
16-0 
8-0 


Runs, 

1-in.  lead  waste  pipes,  &c. 
(9  lb.  per  yard),  and  fix- 
ing with  all  holdfasts,  &c., 
and  including  ordinary 
joints,  bends,  &c. 

3i-0     li-in.  do.  (11  lb. 
per  yard)  do. 


22-0 
14-0 


IJ-in.  do.  (14  lb,  per  yard) 
do.  (bends  measured). 


2-in.  do.  (24  lb. 
per  yard)  do. 
(do.). 


6-0 
9-0 
26-0 
4-0 
4-0 
17-0 
28-0 


11-0 


Nos. 

Extra  to  bends  in  l^-i 
pipe. 


Do.  in  2-in.  do. 


Soldered  stopped  ends  to 
i-in.  pipe. 


Do.  to  ^-in.  do. 


^-in.  soldered  branch  joints. 
4     |-in.  do. 

2     1-in.  do. 


Connection  of  1-in.  lead  pipe 
to  junction  in  G.I.  steam 
tubing. 

1       Do.  of  IJ-in.  do. 


Connection  ot  IJ-in.  lead 
pipe  to  flange  of  H.-W. 
cylinder. 

1  Connection  of  1;J:- 
in.  lead  pipe  to 
arm  of  guUy  in 
neat  cement. 

1    Do.  of  li- 
in.  do. 


2    2-in.  do. 


Connection  of  IJ-in.  lead 
flush  pipe  to  trap  of 
W.C. 

4  Connection  of  2-in. 
lead  pipe  to  re- 
versed junction  in 
iron  soil  pipe  with 
wiped  soldered 
joint,  and  strong 
brass  sleeve  piece 
caulked  \vith  blue 
lead  into  junction. 


Copper  -  hinged  flaps  and 
soldering  to  end  of  l^-in. 
pipe. 

1 

2 


3  in.  fine  brass  cobweb  grat- 
ing, and  soldering  in  lead 
sink. 

1  3J-in.  do.,  includ- 
ing lead  cone 
and  soldering 
and  fixing  in 
stoneware  sink. 


2  ft.  6  in.  length  of  |-in. 
lead  overflow  pipe  with 
soldered  joint  to  waste 
preventer. 


1^-in.  drawn-lead  S  or  P 
traps,  with  brass  cleaning 
screw  and  soldered  joint 
both  ends. 


Rune, 

f-in.  G.I.  steam  cubing  with 
bends,  &c.,  as  described, 
and  laying  in  trench  (as 
rising  main). 

50-0 


|-in.  do.  but  fixed  with 
holdfasts. 

42-0  li-in.  do.  but  fixed 
between  joists 
with  all  neces- 
sary hangers,  &c. 


27-0 


Nos. 

i-'m.  Tee. 


1      l^-in-  Y  junctions. 


Connection  of 
1^-in.  waste 
pipe  to 
bath  trap. 


Runs. 

Z^-in.  round  cast-iron  soil 
and  vent  pipe  to  L.C.C. 
requirements,  coated  with 
Dr.  Angus  Smith's  solu- 
tion. All  pipes  made 
thoroughly  tight  with 
yarn  and  blue  lead,  and 
fixed  to  facing  with  strong" 
nails  to  stand  1  in.  clear 
of  walls,  including  all 
short  lengths. 

21'0  Do.  do.  but  fixed 
to  tile  roof,  in- 
cluding wood 
blocks,  lead,. 

=  7  yd.  tiles,  &c.,  com- 
plete, and 
making  good 
around. 

120 

=  4  yd. 

No's. 

Extra  to  obtuse  bends. 

4      Do.  to  junctions. 

2    Do.  to  reversed 
do. 


1  Do.  to  swan 
neck  4^-in. 
projection. 


Nos. 
Bossed  i 
high. 


ngles  to  safe,  3  i 


4  Do.  to  sink  9  in, 

8  high    (in  8-lb. 

—  lead). 

12   


i-in.  lead  service  pipe  (6  lb. 
per  yard)  do. 


8-0 
116-0 


1-in.  do.  (9  lb. 
per  yard)  do. 


67-0 
47-0 


4-in.  soldered  joints  to  brass 
work. 


Connection  of  W.C.  to  bend 
of  iron  drain  pipe  in  neat 
cement. 


IJ-in.  do.  (16  lb.  per  yard)  IJ-in.  tafted  and  soldered 
do  joints. 


1  Hole  through  lead 

2  flat  for  1-in.  pipe 
1         and  tafted  joint. 


l^-in.  do. 


3J-in.  drawn  -  lead  outlet 
bend  from  W.C,  average 
7  ft.  long,  equal  xn  thick- 
ness to  8-lb.  lead,  with 
strong  brass  socket  and 
sleeve  wiped  on  the  ends, 
the  socket  to  be  connected 
to  closet  with  yarn  and 
neat  Portland  cement,  and 
the  sleeve  to  be  caulked 
with  blue  lead  into  iron 
soil  pipe  branch,  and  fix- 
ing to  facing. 


Extra  to  easy  bend  and  foot 
rest  at  bottom,  bedded  in 
cement  concrete  6  in. 
thick. 

1  Copper  wire  balloon 
grating,  and  fixing 
on  top  of  3^- in. 
vent  pipe. 


Hole  through 
tiled  roof  for 
soil  pipe,  in- 
cluding lead 
collar,  and 
solder  in  g 
and  making 


1 

To/ace  p.  31U. 


ABSTRACTING.— II.  HOT-WATER  WORK 


-in.  brass  boiler  screw,  with 
union  and  flynut  and 
washer  for  iron  cistern, 
including  hole  in  cistern 
and  soldered  joint. 

1      li-in.  do. 


1     l^-in.  do. 


-J-in.  bib  cocks  and  soldered 
joints. 

2     i-in.  do.  enamelled 
"Cold  "  and  do. 


1  I'in.  do.  do. 
and  do. 


f-in.  bib  cock  screwed  for 
iron. 


^-in.  stop  cock  soldered  both 
ends. 


2     5-in.  do. 


1^-in.  do. 
with  loose 
key. 


:|-in.  stop  cock  screwed  for 
iron  both  ends, 

1  f -in.  stop  cock  ap- 
proved by  the 
Water  Com- 
pany, screwed 
for  iron  both 
ends,  and  with 
long  W.I.  key. 


Brick  access 
pit  for  do. 
2  ft.  6  in. 
deep,  with 
rendered 
concrete 
bottom,  and 


l-in.  full-way  equilibrium 
ball  valve  with  strong 
lever  and  large  copper 
ball,  screw  ferrule,  flynut 
and  union,  screwed  for 
iron  pipe,  and  hole  in 
cistern. 

1  Porcelain  enamelled 
labels  for  cocks, 
lettered  "No.  2", 
&e. 


W.C.  apparatus  including 
water  waste  preventers 
and  brackets,  and  seats 
and  brackets  (average  p.c. 
£o  the  set  complete),  and 
include  for  package,  car- 
riage, and  fixing,  and 
plugging  brackets. 


Do.  but  let- 
tered "  Drink- 
ing Water  ". 


W.I.  galvanized  and  riveted 
cisterns  ^-in.  plate,  to  hold 
150  gal.  each,  and  hoist- 
ing and  fixing  on  second 
floor. 

2  Connecting  two 
cisterns  with 
union  in  each, 
and  length  of 
IJ-in.  galvan- 
ized steam  pipe 
between,  and 
holes  in  cisterns. 


Strong  white  glazed  fireclay 
sink  36  in.  by  20  in.  by 
6  in.,  from  an  approved 
maker,  and  fixing. 

1  Do.  30  in.  by  18  in. 
by  10  in.  with 
back  overflows, 
brass  washers, 
vulcanite  plugs, 
flynuts  and 
unions,  p.c.  30s. 
each,and  include 
for  package, 
carriage,  and 
fixing. 


Lavatories  with  skirting, 
fittings,  rails  and  brackets 
(p.c.  £3  the  set  complete), 
and  include  as  above,  and 
for  plugging  brackets. 

3  Baths  and  fittings 
complete,  p.c.  £9 
each,andinclude 
for  package, 
carriage,  and 
fixing. 


Jtun. 

Digging  trench  not  less  than 
2  ft.  6  in.  deep  for  service 
pipe,  filling  in  and  ram- 
ming, and  making  good 
surface. 

50-0 

17  yards. 


JRuns. 

J-in.  galvanized-iron  steam 
tubing  with  bends,  &c., 
and  fixing. 


64-0 


5-in.  do. 


6-  0 
14-0 

7-  0 
24-0 


Allow  for  the  requisite 
length  of  |-in.  service 
pipe  from  main  in  road 
up  to  boundary  of  site, 
including  opening  up  road 
and  path,  and  screw  fer- 
rule, and  drilling  and 
tapping  main,  and  all 
watching  and  lighting, 
and  pay  all  fees. 


l^-in.  do. 


20-0 
22-0 


Nos, 

f -in.  tees. 


Irin.  do. 


I  3  H-in.  do. 

!  4   

l4  2 

11 


Bends  at  top  of  l^-in.  pipe. 


Hole  through  tiled  roof  for 
IJ-in.  galvanized  iron 
pipe  including  lead  collar 
soldered  on,  and  making 
good. 


1^-in.  screwed  unions  (which 
must  not  project  inside 
boiler},  screwed  for  iron, 
including  drilling  boiler. 


^-in.   bib   cock  enamelled 
"  Hot ",  screwed  for  iron. 


Connections  of  t-in.  pipe  to 
lavatory  fittings. 

3     Do.  of  5-in.  do.  to 
l^ath  fittings. 

2  Do.  of  l-in.  do. 
to  union  of 
cyhnder. 


Do.  of  li- 
in.  do.  to 
do. 


1     l-in.  do. 


^jj-in.  plate  galvanized  W.I. 
cylinder,  1  ft.  8  in.  dia- 
meter and  4  ft.  high,  to 
hold  53  gal.,  with  man- 
hole and  bolted  cover, 
indiarubber  ring  and  four 
screwed  flanges,  and  fix- 
ing in  cupboard  in  scul- 
lery; including  fir  bearers. 


Jtun. 

Covering  pipes  with  ap- 
proved asbestos  non-con- 
ducting material  on  strong 
canvas  backing,  securely 
fixed  with  strong  wire  or 
metal  ribbon. 

170-0      Do.  cylinder. 


1  |-in.  bib  cock 
with  loose 
spanner, 
and  screwed 
for  iron. 


i-in.  stop  cock  screwed  for 
iron  both  ends. 


1      |-in.  do. 


|-in.  gun-metal  dead-weight 
safety  valve  in  iron  case, 
and  fixing. 


Towel  rails,  p.c.  £4  each, 
and  include  for  package, 
carriage,  and  fixing. 


1 
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BILLING 


All  lead  to  be  best  milled  and  of  the  full  weights 

specified. 

Lead  pipes  to  be  the  best  drawn,  all  dimensions  given 

being  internal,  and  to  be  laid  complete  with  all 

necessary  running  joints,  holdfasts,  lead  tacks,  &c., 

and  so  as  to  empty  themselves. 

All  solder  joints  to  be  "  wiped  ". 

All  cocks  to  be  best  full-way  high-pressure  screw-down 
in  gun  metal,  from  an  approved  maker,  with  screwed 

bosses. 

All  iron  pipes  to  be  best  galvanized  wrought-iron  steam 

tubing  fitted  with  bends,  short  pieces,  and  all  neces- 

Cwt. 

41. 

lb. 

sary  connectors,  galvanized  holdfasts,  &c. 

£ 

s. 

d. 

2 

2 

14 

IVfilled  lead  and  labour  in  safes  and  sink 

32/6 

4 

5 

4 

Ft. 

45 

Run 

Close  copper-nailing 

m 

9 

5 

No. 

12 

Bossed  angles  to  safes  3  in.  high 

/5 

5 

0 

4 

Do.  to  sink  9  in.  high  (8-lb.  lead) 

1/ 

4 

0 

34 

Run 

1-in.  lead  anti-siphonage  pipe,  9  11).  per  yard,  and  fixing, 
with  all  holdfasts,  &c.,  and  including  all  ordinary 

joints,  bends,  &c. 

vn 

1 

18 

3 

36 

l:|-in.  do.  (11  lb.  per  yard)  and  do. 

1/4 

2 

8 

0 

94 

ti 

1^-in.  do.  (14  lb.  per  yard)  and  do.  (bends  measured) 

1/8 

7 

16 

8 

11 

11 

2-in.  do.  (24  lb.  per  yard)  and  do.  (do.) 

2/7 

1 

8 

5 

124 

M 

^-in.  lead  service  pipe  (6  lb.  per  yard)  and  fixing,  with 
all  holdfasts,  and  including  ordinary  joints,  bends, 

&c. 

IH 

4 

18 

2 

114 

t( 

j-in.  do.  (9  lb.  per  yard)  do. 

l/Oi 

5 

18 

9 

35 

TI 

IJ-in.  do.  (16  lb.  per  yard)  do.  .. 

1/8" 

2 

18 

4 

No. 

27 
1 

Extra  to  bends  in  l^-in.  lead  pipe 
Do.  to  do.  in  2-in.  do. 

V 
1/6 

1 

7 
1 

0 
6 

10 

Soldered  stopped  ends  to  ^-in.  pipe 

/9 

7 

6 

3 

Do.  to  f -in.  do. 

1/ 

3 

0 

4 

8 

A-in.  soldered  branch  joints 
J-in.  do. 

1/4 
1/7 

5 
12 

4 

8 

2 

1-in.  do. 

1/10 

3 

8 

3 

2-in.  do. 

2/9 

8 

3 

7 

J-in.               do.               to  brass  work 

1/6 

10 

6 

2 

J-in.               do.  do. 

1/9 

3 

6 

5 

1^-in.             do.  do. 

2/9 

13 

9 

4 

IJ-in.  tafted  and  soldered  joints 

2/ 

8 

0 

1 

Hole  through  lead  flat   for   1-in.  pipe  and  tafted 

joint 

2/ 
/6 

2 

0 

1 

Connection  of  1-in.  lead  pipe  to  junction  in  galvanized- 
iron  waste  pipe 

6 

1 

Do.  of  l;J-in.  do.  to  do.  ... 

/6 

6 

1 

Connection  of  lij-in.  lead  pipe  to  flange  of  hot- water 

cylinder 

.5/9 

/6 

5 

9 

1 

Connection  of  l|-in.  do.  to  arm  of  gully  in  neat 
cement 

6 

1 

Do.  of  l^-in.  do.  to  do.  ... 

/6 

6 

i 

Do.  of  l^-in.  lead  flush  pipe  to  trap  of  W.C.  ... 

1/6 
5/6 

6 

0 

1 

Connection  of  2-in.  lead  pipe  to  reversed  junction  in 
iron  soil  pipe,  with  wiped  soldered  joint  and  strong 
brass  sleeve  piece  caulked  with  blue  lead  into  junc- 
tion 

5 

6 

2 

Connections  of  trap  of  W.C.  to  iron  bend  of  drain  pipe 

in  neat  cement 

/9 

1 

6 

3 

Copper-hinged  flaps  and  soldering  to  end  of  1^-in. 

.  Pipf^    

1/6 
2/6 

4 

6 

1 

3-in.  fine  brass  cobweb  grating,  and  soldering  in  lead 
sink 

Carried  foricard 

39 

2 
4 

6 

9 
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Ft,. 
50 

42 
27 


21 


12 


Brought  forward 

No.     1     S^-in.  do.,  including  lead  cone  and  soldering,  and  fixing 
in  stoneware  sink 

4  2  ft.  6  in.  lengths  of  j-in.  lead  overflow  pipe  with  sol- 
dered joint  to  waste  pre\ enters 

5  1^-in.  drawn  lead  S  or  P  traps  with  Ijrasa  cleaning 
screw  and  soldered  joint  both  ends 

2     l^-in.  do.  do. 

2  S^-in.  drawn-lead  outlet  bend  from  W.C.,  average  7  ft. 
long  (equal  in  thickness  to  8-11).  lead),  with  strong 
brass  socket  and  sleeve  wiped  on  the  ends,  the 
socket  to  be  connected  to  closet  with  yarn  and  neat 
Portland  cement,  and  the  sleeve  to  be  caulked  with 
blue  lead  into  iron  soil  pipe  branch,  and  fixing  to 
facing  ... 

Run   J-in.  galvanized-iron  steam  tubing  with  V)ends,  &c.,  as 
described,  and  laying  in  trench  (as  rising  main)  ... 
J-in.  steam  tubing  as  last,  but  fixed  with  holdfasts  ... 
1^-in.  do.  but  fixed  between  joists  with  all  necessary 
hangers,  &c.  ... 
No.     1     J-in.  tee 

2     li-in.  Y  junctions 

1  Connection  of  lr,-in.  galvanized-iron  pipe  to  bath  trap 

Run  3^-in.  round  cast-iron  soil  and  vent  pipe  to  L.C.C.  re- 
quirements, coated  with  Dr.  Angus  Smith's  solution. 
All  pipes  made  thoroughly  tight  with  yarn  and 
blue  lead,  and  fixed  to  facing  with  strong  nails  to 
stand  1  in.  clear  of  walls,  including  all  short  lengths. 
Do.  do.  but  fixed  to  tiled  roof,  including  wood  blocks, 
lead  tiles,  &c.,  complete,  and  making  good  around 
No.     4     Extra  to  obtuse  bends 

2  Do.  to  junctions  ... 
Do.  to  reversed  do.  with  2  in.  arm 
Do.  to  swan  neck,  4|-in.  projection 
Do.  to  easy  bend  and  foot  rest  at  bottom,  bedded  in 

cement  concrete  6  in.  thick  ... 
Copper-wire  balloon  grating,  and  fixing  on  top  of  34-in. 
vent  pipe 

Hole  through  tiled  roof  for  soil  pipe,  including  lead 

collar  and  soldering,  and  making  good 
J-in.  brass  boiler  screw  with  union,  flynut,  and  washer 
for  iron  cistern,  including  hole  in  cistern  and  sol- 
dered joint 
IJ-in.  do.  do. 
l^-in.  do.  do. 

4-in.  bib  cocks  and  soldered  joints 
^ -in.  do.  enamelled  "Cold"  and  do. 
f-in.  do.  do.  and  do. 
j-in.  bib  cock  screwed  for  iron  ... 
^-in.  stop  cock  soldered  both  ends  ... 
j-in.  do. 

IJ-in.  do.  with  loose  key 
J-in.  do.  screwed  for  iron  both  ends 
|-in.  stop  cock  approved  by  the  Water  Company, 
screwed  for  iron  both  ends,  and  with  long  wrought- 
iron  key 

Brick  access  pit  for  last,  2  ft.  6  in.  deep,  with  rendered 

concrete  bottom,  and  iron  cover  and  frame 
|-in.  full-way  ecjuilibrium  ball  valve  with  strong  lever 
and  laige  copper  ball,  screw  ferrule,  flynut,  and 
union,  strewed  for  iron  pipe,  and  hole  in  cistern  ... 
9  Porcelain  enamelled  labels  for  cocks,  lettered  "No.  2", 
&c. 

1     Do.  but  lettered  " Drinking  Water  "  ... 

Carried  forward 


£ 

s. 

d. 

39 

Q 

7/3 

7 

3 

3/3 

13 

0 

3/4 

16 

8 

4/ 

8 

0 

101 

g 

0 

\j 

m 

1 

7 

1 

Pi 

1 

6 

3 

1 

17 

2 

/lO 

10 

2/ 

4 

0 

1/6 

1 

6 

l/4i 

1 

8 

11 

2/3 

1 

7 

0 

2/9 

11 

0 

5/3 

10 

6 

4/9 

4 

9 

3/3 

3 

Q 
t> 

A 

■4 

0 

1  /Q 

I/a 

1 

1 

Q 

S/Q 

Q 
O 

Q 

Oj  o 

Q 
O 

o 

r 

i) 

A 

4 

a 

D 

Q 
O 

3/9 

7 

6 

a 
o 

5/6 

5 

6 

4/ 

4 

0 

5/8 

11 

4 

7/7 

15 

2 

i.  t  jo 

i  ( 

O 

o 

4/9 

4 

9 

OjO 

Q 

O 

Q 
O 

12/6 

12 

6 

9/6 

9 

6 

1/6 

13 

6 

1/9 

1 

9 

62 

3 

8 
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Yds 
17 


No. 

2 

1 

1 

2 

4 

3 

2 

Run 

Ft. 

64 

Run 

51 

(1 

128 

rt 

42 

" 

No. 

2 

11 

2 

1 

3 

2 

1 

3 

1 

2 

1 

1 

Vol.  III. 


Brouyht  forward 

Wrought-iron  galvanized  and  riveted  cisterns,  J-in. 
plate,  each  to  hold  150  gal.,  and  hoisting  and  fixing 
on  second  floor 

Connecting  two  cisterns  with  length  of  lij-in.  galvan- 
ized steam  pipe  with  flynuts  Ijetween,  and  holes  in 
cisterns 

Strong  white  glazed  fireclay  sink  36  in.  by  20  in.  by 
6  in.,  from  an  approved  maker,  and  fixing 

Do.,  30  in.  by  18  in.  by  10  in.,  with  back  overflows,  brass 
washers,  vulcanite  plugs,  flynuts,  and  unions,  p.c. 
£1,  10s.  each  complete,  and  include  for  package, 
carriage,  and  fixing  ... 

W.C.  apparatus,  including  water  waste  preventers  and 
brackets,  and  seats  and  brackets,  average  p.c.  £5 
the  set,  and  include  for  package,  carriage,  and  fix- 
ing, and  plugging  brackets  ... 

Lavatories,  with  skirtings,  fittings,  rails,  and  brackets, 
p.c.  £3  the  set,  complete,  and  include  as  above 

Baths  and  fittings  complete,  p.c.  £9  each,  and  include 
for  package,  carriage,  and  fixing 

Digging  trench  not  less  than  2  ft.  6  in.  deep  for  pipe, 
and  filling  in  and  ramming,  and  making  good 
surface  . . 

Allow  for  the  requisite  length  of  |-in.  service  pipe  from 
main  in  road  up  to  boundary  of  site,  including 
opening  up  road  and  path,  and  screw  ferrule,  and 
drilling  and  tapping  main,  and  all  watching  and 
lighting,  and  pay  all  fees  (see  note  at  end) 


HOT-WATER  WORK 

Round  or  square  elbows  must  not  be  used,  but  all 
changes  of  direction  must  be  made  with  easy  bends, 
and  all  pipes  must  Vie  laid  to  rise  from  the  boiler. 

Mark  out  the  course  for  all  hot-water  pipes,  and 
obtain  the  architect's  approval  before  laying  the 
pipes.  ... 

The  hot-water  service  will  not  be  passed  unless  one 
bath  can  be  filled  up  to  the  overflow  with  water  at 
120"  F.,  after  the  kitchen  fire  has  been  burning 
for  IJ  hour,  the  water  before  the  test  being  at  the 
normal  cold  temperature. 

^-in.  galvanized-iron  steam  tubing  with  bends,  &c., 

and  fixinLj  as  described 
J-in.  do.  and  do.  ... 
1-in.  do.  and  do.  ... 
IJ-in.  do.  and  do. 
£-in.  tees  ... 
1-in.  do. 
1^-in.  do.  ... 

Bend  at  top  of  IJ-in.  pipe 

Connections  of  ^-in.  pipe  to  lavatory  fittings  ... 
Do.  of  f -in.  do.  to  bath  fitting  ... 
Do.  of  1-in.  do.  to  union  of  cylinder 
Do.  of  li-in.  do.  to  do. 

Hole  through  tiled  roof  for  IJ-in.  steam  pipe,  including 
lead  collars  soldered  on,  and  making  good 

l|-in.  screwed  unions  (which  must  not  project  inside 
boiler)  screwed  for  iron,  including  drilling  boiler  ... 

J-in.  bib  cock  enamelled  "Hot",  screwed  for  iron 

f-in.  do.  do. 

Carried  forward 


£ 
62 


2/12/6 

5/ 
41/6 

38/ 

6/5/0 
3/10/0 
10/8/0 

1/6 


m 

VH 

/lO 
1/3 
2/ 
1/6 
2/ 
2/6 
3/6 
4/6 

6/3 

3/6 
3/6 
4/7 


25 
10 
20 


150  I  3 
130 
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SPECIFICATIONS,  QUANTITIES,  AND  ESTIMATES 


Ft. 

170 


Brourjht  forward 

No.     1    j-in.  brass  bib  cock  with  loose  spanner,  and  screwed  for 
iron 

1  i-in.  stop  cock  screwed  for  iron  both  ends 

2  j-in.  do.  do. 

1  f-in.  gun-metal  dead-weight  safety  valve  in  iron  case 
and  fixing 

2  Towel  rails,  p.c.  £4  each,  and  include  for  package, 
carriage,  and  fixing  ... 

1  T5-in.  plate  galvanized  wrought-iron  cylinder,  1  ft.  8  in 
diameter  and  4  ft.  high,  to  hold  53  gal.,  with  man- 
hole and  bolted  cover,  indiarubher  ring,  and  four 
screwed  flanges,  and  fixing  in  cupboard  in  scullery, 
including  fir  bearers  ... 

Run   Covering  pipes  with  approved  asbestos  non-conducting 
material  on  strong  canvas  backing,  securely  fixed 
with  strong  wire  or  metal  ribbon  ... 
Do.  cylinder  do.  ... 


s. 

d. 

150 

3 

7 

4/ 

4 

0 

3/6 

3 

4/10 

9 

8 

15/ 

15 

0 

4/15/ 

9 

10 

0 

4/15/ 

4 

15 

0 

4 

5 

0 

20/ 

1 

0 

0 

171 

5 

9 

Note. — The  pi-ices  of  plumbers'  materials  are  subject  to  great  fluctuation'.  In  the  two 
specimen  bills  of  Quantities  the  lead  work  is  priced  on  the  basis  of  the  rate  of 
22s.  6d.  per  cwt.  for  sheet  lead.  The  prices  generally  allow  for  10  per  cent  profit, 
but  must  be  taken  as  approximate  only  for  good  work  in  London.  Lower  rates 
of  wages  are  often  paid  in  provincial  towns  and  in  country  districts,  and  in  such 
cases  lower  prices  would  be  remunerative. 

The  item  of  length  of  service  pipe  from  main  to  boundary  is  priced  at  the 
average  rate  obtainable  in  London,  allowing  for  about  12  ft.  of  service. 

In  order  that  the  pricing  of  the  Bill  may  be  as  useful  as  possible  the  author 
has  availed  himself  of  the  assistance  of  the  Estimator  to  one  of  the  largest  firms 
of  contractors  in  London,  and  his  thanks  are  due  to  that  gentleman  for  his  assist- 
ance. 


1  See  Plates  XLVII  and  XLVIII.  Appendix  II. 
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Section  XVI 
SHOP  MANAGEMENT  AND  BOOKKEEPING 


CHAPTER  I 

SHOP  MANAGEMENT 

Duriiig  recent  years  the  arrangement  and  management  of  factories  and 
workshops  have  undergone  a  complete  change,  especially  in  relation  to  the 
trades  referred  to  in  these  volumes.  The  change  may  be  attributed  to  the 
great  advance  in  the  application  of  scientific  principles  in  modern  con- 
struction, the  introduction  of  laboui'-saving  machinery,  foreign  and  home 
competition,  and  the  supervision  of  factories  now  exercised  by  the  state, 
as  well  as  the  raising  of  the  standard  of  the  artisan  by  education.  It  is 
now  generally  acknowledged  by  all  employers  that  in  order  to  maintain  or 
improve  their  position  it  is  necessary  not  only  to  obtain  efficiency  in  their 
productions,  but  efficiency  combined  with  economy.  These  essential  con- 
ditions of  success  can  only  be  obtained  by  a  thorough  system  of  organiza- 
tion and  a  careful  study  of  every  detail  of  each  department  of  the  business, 
so  that  ovex'lapping  of  departmental  work  is  avoided. 

General  Arrangement  of  Buildings.- — It  is  a  great  advantage,  both  in 
economy  and  quality  of  production,  that  the  workshops,  stores,  and  offices 
should  be  conveniently  arrangL'd,  well  managed,  and  organized  under  a 
proper  system.  A  small  works,  or  even  one  with  a  considerable  business 
which  has  been  built  up  gradually  from  a  small  beginning  without  con- 
sidering the  advantage  to  be  obtained  by  rearrangement,  is  most  difficult 
to  manage  with  economy,  and  under  none  but  the  most  exceptional  circum- 
stances can  it  produce  results  to  compete  with  a  factory  suitably  designed 
and  arranged  for  the  special  work  to  be  undertaken.  The  general  type  of 
building  for  the  plumbing  and  allied  trades  includes  a  workshop,  one  or 
more  offices,  a  warehouse  consisting  of  one  or  more  floors  in  accox'dance 
with  the  requirements  of  the  business,  and  occasionally  a  show  room.  For 
the  purpose  of  this  article  it  will  be  advisable  to  take  one  building  of 
three  floors,  the  ground  floor  (fig.  1062)  being  divided  into  offices,  show 
room,  and  loading  dock  for  vans,  the  first  floor  (fig.  1063)  being  utilized 
as  warehouse  and  stores,  and  the  second  floor  (fig.  10G4)  as  workshops  for 
any  artisans  that  may  be  employed  either  in  manufacturing  or  repair 
work.    In  some  cases  the  departments  are  aiTanged  in  separate  buildings, 
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or  are  contained  upon  one  floor.  If  the  whole  is  arranged  upon  one  floor 
it  is  necessary  to  divide  it  into  sections  for  the  diff'erent  departments,  as 
any  attempt  to  combine  stores  and  workshops  is  certain  to  prove  wasteful, 
however  small  the  scale  upon  which  it  is  attempted. 

The  building  must  be  efficiently  lighted,  warmed,  and  ventilated,  and 
the  necessary  water-closets,  urinals,  washing  accommodation,  and  water  for 
drinking  purposes  must  be  provided  in  conformity  with  the  Factory  and 
Workshops  Acts.  These  conveniences  are  not  shown  on  the  plans.  They 
may  be  placed  in  a  detached  building  in  the  back  yard,  but  it  is  better  to 
build  a  small  wing  beliind  the  main  building  with  conveniences  on  each 
floor.  A  lobby,  properly  lighted  and  ventilated,  must  be  constructed 
between  the  conveniences  and  the  main  building  on  each  floor. 

The  offices  (fig.  1062)  would  be  situated  at  one  end  of  the  building  on 
the  ground  floor  near  tlie  entrance,  and  should  consist  of  a  general  office. 


Fig.  1062.— Ground-floor  Plan,  showing  Offices,  Sliow  Eoom,  and  Loading  Dock 


manager's  office,  and  drawing  oflSce,  the  last  being  on  the  same  floor  and  in 
connection  with  the  other  offices  if  possible;  but  if  space  is  limited,  it  may 
be  situated  in  another  part  of  the  building.  The  manager's  office  should 
be  so  arranged  that  it  is  possible  to  reach  it  witliout  a  stranger  having 
to  pass  through  the  general  office,  but  at  the  same  time  a  door  should  be 
provided  as  a  means  of  intercommunication  between  the  manager  and  the 
clerical  staff".  One  or  more  water-closets,  lavatory  basins,  &c.,  must  be  pro- 
vided in  a  convenient  position,  but  properly  disconnected  from  the  offices. 

A  system  of  intercomnninication  telephones^  is  indispensable  between  the 
offices  and  the  different  departments  of  the  works.  The  cost  is  small  in 
comparison  with  the  great  advantages  gained  by  a  ready  means  of  com- 
munication between  the  departments. 

The  show  room  would  also  be  arranged  upon  the  ground  floor,  and  might, 
if  necessary,  occupy  the  whole  of  the  remaining  space  to  within  10  or  15  ft. 
of  the  further  end  of  the  building,  which  would  be  partitioned  off"  to  form 
a  loading  dock.  The  show  room  would  be  arranged  with  presses  and 
shelves  fitted  in  bays,  if  possible  between  the  windows,  in  order  to  obtain 
the  maximum  advantages  of  space  and  light  consistent  with  appearance. 
The  goods  displayed  should  be  classified,  and  the  fittings  arranged  to  suit. 


1  See  pages  347-35G,  Vol.  II. 
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A  loading  dock  is  required  for  the  receipt  and  despatch  of  goods.  A  lift 
for  goods  should  be  provided  if  possible,  as  well  as  a  crane,  to  serve  the 
floors  above.  Here  also  the  entrance  for  employees  would  be  situated.  Of 
course  these  arrangements  may  have  to  be  varied  to  suit  existing  circum- 
stances if  lifts,  cranes,  loops,  &c.,  are  already  in  existence  in  the  building. 

It  would  be  necessary  to  have  a  small  office  in  the  loading  dock  for  the 
gatekeeper,  whose  duties  would  include  checking  all  goods  received  and 
passed  out,  arranging  that  all  packages  are  properly  despatched  (if  out- 
wards), or  (if  inwards)  forwarded  to  their  proper  departments.  He  would 
also  act  as  timekeeper,  checking  all  employees  in  and  out  of  the  building, 
and  as  craneman,  if  the  gear  is  suitably  arranged  and  the  crane  work  not 
sufficiently  constant  to  require  a  special  attendant. 

The  stores  (fig.  1063)  should  be  divided  into  a  series  of  pigeon  holes  or 
compartments  of  suitable  sizes  to  take  the  various  goods  that  it  is  necessary 


Fig.  1063. — First-floor  Plan,  showing  Stores,  &c. 


to  stock.  A  special  position  should  be  allocated  for  every  article  to  be 
stocked,  and  the  compartments,  bins,  racks,  or  shelves  should  be  suitable 
for  the  different  articles.  Barrel  and  pipes  generally  stock  better  in  an 
upright  position  in  racks,  the  bundles  or  pipes  being  reversed  in  each  tier, 
viz.  with  the  socket  and  the  spigot  ends  up  alternately.  Smaller  goods, 
such  as  joints  and  fittings,  taps,  &c.,  stock  better  in  compai'tments  or  bins. 
Nails  and  other  goods  of  this  description,  likely  to  be  used  in  larger 
quantities,  should  be  stocked  in  bulk  in  the  original  packages,  one  package 
being  kept  open  to  draw  from.  Each  compartment,  bin,  or  shelf  should  be 
numbered,  and  each  section  should  be  lettered  in  bays;  if  this  is  carried  out 
systematically,  it  reduces  storekeeping  costs  to  a  minimum,  and  often  saves 
much  valuable  time  should  the  regular  storekeeper  be  absent.  An  index 
key,  arranged  in  alphabetical  order,  and  containing  particulars  of  the  exact 
positions  of  the  articles  in  stock,  must  be  prepared,  and  it  is  recommended 
that  this  be  arranged  under  a  card  system  described  later. 

It  is  necessary  to  decide  definitely  the  maximum  and  minimum  stocks  to 
be  held  of  every  different  article.  This  being  once  settled,  the  stores  will 
be  found  to  work  smoothly,  and  be  capable  of  meeting,  without  extra- 
ordinary supervision,  any  reasonable  demands  which  may  be  made  upon 
them.    The  maximum  and  minimum  stocks  should  be  plainly  marked  on 
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a  card  in  the  front  of  each  compartment,  and  the  card  should  also  show  the 
size  and  description  of  the  articles  contained  in  the  compartment. 

The  storekeeper  should  have  two  ordinary  carbon  copy  books,  one 
labelled  Inward  Delivery  Booh  and  the  other  OiLtivard  Delivery  Book,  and 
it  should  be  his  duty  to  enter  iip  in  these  books  all  goods  which  are  received 
into  or  passed  out  of  the  stores,  and  in  the  latter  case  the  job  for  which 
the  article  is  required.  At  the  end  of  the  day,  these  carbon  copies  should 
be  detached  from  the  books  and  handed  into  the  general  office  to  be  dealt 
with,  the  outward  delivery  sheets  being  required  by  the  prime-cost  clerk, 
and  the  inward  delivery  sheets  by  the  invoice  clerk  to  check  the  invoices. 
These  slieets  should  also  contain  couiplete  lists  of  material  returned  from 
jobs,  for  the  prime-cost  clerks  to  credit,  if  special  sheets  are  not  provided 
for  this  purpose.  All  goods  in  the  stores  should  be  under  the  sole  charge 
of  the  storekeeper. 

In  order  to  keep  particulars  of  the  stock  held,  a  card  system,  having  a 
separate  card  for  each  item  in  stock,  is  very  useful.  The  caids  may  be 
ruled  as  illustrated  below,  and  should  be  kept  in  the  office,  each  card 


CARD  FOR  GOODS  IN  STORES 


Max.  Stock. 
Min.  Stock. 

ARTICLE. 

Purchased  from : — 

Price. 

Bay. 
Tier. 
Conipt.  No. 

Date. 

Received. 

Number. 

Date. 

Out. 

Number. 

showing  at  the  head  the  name  and  size  of  the  article  to  which  it  applies, 
the  maximum  and  minimum  stocks  to  be  held,  the  position  in  which  the 
article  is  to  be  found  in  the  stores  (say,  bay  2,  tier  E,  No.  4),  the  name  of 
the  firm  from  whom  the  goods  are  generally  ordered,  and  the  price  usually 
paid.  Underneath  these  particulars,  in  columns  specially  ruled,  would  be 
shown  the  actual  stock,  and  the  several  items  in  which  the  goods  have  been 
received  into  and  delivered  out  of  the  stoi'es,  the  dates  of  deliveries  in  and 
out,  and  the  jobs  for  which  the  items  were  used,  this  information  being 
obtained  from  the  stores  outward  and  inward  delivery  slieets.  It  is  then 
possible  to  see  at  a  glance  the  stock  held  of  any  particular  goods.  When 
the  card  is  full  it  should  be  balanced  and  the  stock  in  the  corresponding 
compartment  checked.  The  completeness  of  the  sj'stem  is  not  only  a  check 
uy)on  the  goods,  but  upon  the  storekeeper,  clerks,  and  everyone  concerned; 
tlie  stocktaking  is  practically  always  up  to  date  with  the  stores  depart- 
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ment,  and  the  annual  stocktaking  is  much  simplified,  it  being  only  neces- 
sary to  check  each  card,  and,  if  correct,  balance,  and  carry  the  balance 
forward. 

In  the  stores,  special  tools,  such  as  Whitworth  stocks  and  dies,  taps, 
leather  punches,  files,  &c.,  which  would  not  be  provided  in  every  man's  kit 
of  tools,  should  be  stored  in  proper  racks.  These  tools  would  be  booked 
out  by  the  storekeeper,  and  credited  by  him  when  returned. 

Arranofements  should  also  be  made  to  stock  the  chests  of  tools  for  out- 
side  work  when  not  in  use.  It  is  good  practice  to  provide  each  fitter  with 
as  complete  a  kit  of  tools  as  possible,  including  a  screwing  machine  where 
wrought-iron  pipe  work  of  1  in.  and  upwards  is  carried  out;  but  special 
tools,  such  as  large  stocks  and  dies  and  cutters,  should  be  issued  only  when 
the  work  upon  wdiich  he  is  engaged  requires  them,  and  as  soon  as  the  fitter 
has  completed  the  work  for  w^hich  they  were  issued,  he  should  return  thetii 


Fig.  1064.— Second-Hoor  Plan,  showing  Workshop,  &c. 


in  readiness  for  any  demand  that  may  be  made  in  another  direction.  The 
kit  of  tools  provided  should  be  issued  from  the  stores  in  a  strong  lock-up 
tool  box.  On  the  inner  side  of  the  lid  or  other  conspicuous  place  should  be 
fixed  a  list  of  tools  contained  in  the  kit.  The  fitter  w^ould  then  see  that  he 
obtained  the  complete  set  of  tools,  for  which  he  would  be  responsible;  when 
these  were  returned  to  the  stoi-es,  the  storekeeper  would  examine  them  and 
see  that  they  were  complete  and  in  good  order  as  sent  out.  Each  kit  should 
be  numbered  and  the  contents  entered  upon  a  card,  which  would  be  carried 
out  as  part  of  the  system  applying  to  the  general  stores.  A  rule  should  be 
made  that  all  goods  despatched  from  stores  be  booked  out  in  detail;  but  in 
the  case  of  kits  of  tools  these  should  be  entered  out  in  one  item  (as,  for 
example.  Kit  No.  1),  but  in  every  case  the  contents  of  the  kit  should  be 
checked  when  issued  out,  and  when  returned  to  the  stores.  This  would  not 
apply  to  trades  where  the  ai-tisans  engaged  provide  their  own  tools. 

Special  arrangements  are  necessary  for  stocking  sheet  lead  according  to 
the  requirements.  This  is  usually  provided  for  upon  the  ground  floor,  as 
it  is  heavy  to  handle,  and  in  many  cases  must  be  despatched  in  bulk.  The 
lead  v,rould  nevertheless  be  under  the  charge  of  the  storekeeper.  A  floor  or 
bench  should  be  provided,  close  to  the  lead  stores,  sufficiently  large  to  allow 
a  full  sheet  to  be  laid  out  and  dissected. 

Vol.  III.  131 


326 


SHOP  MANAGEMENT  AND  BOOKKEEPING 


On  the  second  floor  (fig.  1064)  the  workshop  is  placed,  and  in  it  one  or  two 
light  lathes  would  be  provided,  a  drilling  machine  suitable  for  light  repair 
work,  and  screwing  machines  suitable  for  screwing  barrel  from  ^-in.  to  4-in. 
bore.  For  the  smaller  sizes  a  screwing  machine  fitted  with  solid  dies  will 
be  found  the  most  economical;  for  the  larger  sizes,  (say)  from  1;^  in.  to  2  in., 
split  dies  will  be  more  suitable,  and  for  sizes  from  2  in.  to  4  in.  concentric 
dies  are  better,  as  the  work  is  much  heavier.  These  machines  should,  if 
possible,  be  actuated  by  power;  for  this  purpose  a  small  electric  motor  or 
an  oil  or  gas  engine  might  be  provided,  and  shafting  would  be  suitably 
fixed  as  a  means  of  distribution.  Forges,  brazing  hearth,  and  appliances 
for  melting  and  mixing  soft  metal  should  be  arranged  in  convenient 
positions.  Benches  with  fixed  vices  are  required  in  this  shop,  so  that 
any  necessary  fitting  up  and  special  repairs  can  be  executed.  The  usual 
amount  of  bench  room  required  per  man  is  about  8  ft.  by  2  ft.  6  in. 


CHAPTER  II 

BOOKKEEPING,  ACCOUNTS,  ETC. 

In  controlling  any  business  concern  it  is  necessary  to  have  a  knowledge 
of  bookkeeping  and  the  preparation  of  accounts.  By  means  of  an  accu- 
rate and  complete  system  of  bookkeeping,  control  can  be  kept  over  the 
affairs  of  the  business,  and  it  is  possible  to  ascertain  definitely  what  the 
firm  possesses,  and  whether  or  not  the  state  of  the  business  will  allow 
certain  undertakings  or  investments  to  be  entered  into.  It  is  a  great 
safeguard  against  error  and  fi'aud,  and  also  a  means  of  discerning  whetlier 
the  work  engaged  in  is  profitable  and  should  be  pursued,  or  whether  it 
is  unprofitable  and  ought  to  be  discontinued. 

Bookkeeping  is  the  process  of  reducing  to  writing  and  recording  in 
books  the  accounts  or  registers  of  facts  relating  to  money.  Every 
transaction  involves  a  giver  or  seller  and  a  receiver  or  purchaser,  and 
necessitates  an  entry  being  made  in  the  account  which  is  increased  and 
also  in  the  account  which  is  diminished.  The  application  of  this  principle 
results  in  the  method  of  double  entry,  which  is  suitable  for  every 
description  of  accounts,  commercial  or  otherwise.  In  effect  the  receiver 
or  purchaser  is  debtor  to  the  giver  or  seller,  and  the  giver  or  seller  is 
creditor  by  the  receiver  or  purchaser. 

In  the  businesses  dealt  with  in  these  volumes  the  account  settlements 
would  generally  be  what  are  known  as  either  prompt  cash,  monthly 
accounts,  or  quarterly  accounts.  Prompt  cash  accounts  are  accounts  where 
settlement  is  made  against  invoice,  or  against  delivery  of  the  goods  in 
sound  condition.  Monthly  accounts  are  those  where  credit  is  given,  pay- 
ment being  made  dui'ing  the  month  following  the  delivery  of  the  goods 
on  any  date  in  that  period  which  may  have  been  agreed  upon  between 
the  seller  and  purchaser.  Quarterly  accounts  are  accounts  where  credit  is 
given,  and  payment  is  due  the  day  following  the  last  day  of  tlie  quarter 
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in  which  the  goods  were  delivered.  In  the  last  case  a  few  days'  grace  is 
customary  to  enable  the  account  to  be  checked. 

It  should  be  borne  in  mind  in  bookkeeping  that  every  item  entered 
should  be  given  its  reference  or  folio  number,  so  that  each  can  be  traced 
to  its  origin  without  difficulty. 

It  is  essential  to  accui-acy  that  all  purchases  and  sales  should  pass 
to  ledger  accoimts.  Cash  purchases  should  be  as  few  as  possible,  and  an 
adequate  check  should  be  arranged  for  cash  sales.  All  accounts  should 
be  paid  by  cheque,  and  all  cash  received  lodged  in  the  bank  daily,  only 
tlie  smallest  items  of  daily  expense  being  paid  out  of  the  petty  cash.  An 
amount  would  require  to  be  drawn  weekly  from  the  bank  to  cover  wages, 
salaries,  and  petty  cash.  The  exact  amount  required  for  these  services 
should  be  drawn  by  cheque  and  the  amount  of  each  service  shown  on  the 
counterfoil,  as  each  amount  has  to  be  entered  to  a  separate  account  in  the 
ledger. 

Trading  accounts  are  entered  under  one  of  two  systems  of  bookkeeping, 
known  as  single  and  double  entry  respectively.  The  latter  system,  owing 
to  its  accuracy  when  properly  carried  out,  is  recognized  as  necessary  for  all 
businesses  except  those  conducted  on  a  very  small  scale.  Specially  prepared 
books  of  different  sizes  and  qualities  for  either  system  are  obtainable  from 
every  stationer. 

The  ordinary  method  of  double -entry  bookkeeping  being  adopted  for 
the  trading  accounts,  the  following  stock-pattern  books  are  required:  Cash 
Book,  Sales  Bay  Book,  Invoice  Book,  Sales  Ledger,  Bought  Ledger,  Private 
Ledger,  Petty  Cash  Book,  and  Bill  Book.  In  addition  to  these  the  following 
books  (which  would  probably  require  to  be  specially  made)  are  necessary: 
Order  Book,  Manifold  Delivery  Book,  Manifold  Ordering  Book,  and  Receipt 
Booh.  Generally  speaking,  the  most  convenient  size  of  account  books  is 
foolscap  of  250  folios. 

The  Cash.  Book  is  for  keeping  an  account  of  the  whole  of  the  cash 
received  and  disbursed,  together  with  discounts  allowed  and  received,  and 
to  ascertain  readily  the  amount  of  money  in  hand  and  at  the  bank.  It 
should  be  ruled  with  columns  for  the  date  and  for  the  folio,  and  with  three 
money  or  cash  columns.  In  the  first  cash  column  on  the  Dr.  or  left-hand 
side,  the  discounts  allowed  would  be  entered;  in  the  second  column  the 
amount  of  cash  received;  and  in  the  third  column  the  total  amounts  of  the 
cash  paid  into  the  bank.  In  the  first  cash  column  on  the  Cr.  or  I'ight-hand 
side,  the  discounts  received  would  be  entered;  the  second  column  would  be 
used  only  for  cash  payments  made  from  cash  received;  and  in  the  third 
column  would  be  entered  the  amount  of  each  cheque  drawn. 

The  Cash  Book  should  be  balanced  with  the  Bank  Pass  Book  each 
month.  The  amounts  in  the  third  column  of  the  Dr.  and  Cr.  sides  of 
the  Cash  Book  will  be  found  in  the  Bank  Pass  Book  on  the  respective 
sides.  In  balancing  with  the  Bank  Pass  Book  at  the  end  of  the  month, 
there  may  be  a  few  cheques  paid  into  the  bank  not  cleared,  and  there 
may  also  be  some  cheques  sent  to  creditoi-s  which  have  not  been  presented. 
In  order  to  make  the  Bank  Pass  Book  balance  agree  with  the  Cash  Book 
balance,  the  amount  of  the  Bank  Pass  Book  balance  is  entered  at  the  foot 
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of  the  Cash  Book  folio  at  the  end  of  the  month;  the  amount  of  the  cheques 
not  cleared  is  then  added,  and  the  amount  of  those  not  presented  is  deducted 
as  follows: — 


£ 

s. 

d. 

Balance  as  per  Bank  Pass  Book  (obtained  by 

deducting  the  Cr.  side  from  the  Dr.  side) 

•261 

7 

4 

Add  Cheques  not  cleared 

5 

0 

11 

266 

8 

3 

Deduct  Cheques  not  presented 

9 

19 

6 

Cash  Book  Balance 

256 

8 

9 

The  Cash  Book  Balance  is  then  carried  forward  to  the  next  month's 
account. 

The  discount  columns  should  be  added  up  each  month,  and  the  totals 
journalized  as  explained  later. 

The  Sales  Day  Book  will  contain  a  record  of  all  goods  sold  on  credit, 
including  the  name  and  address  of  the  purchaser,  particulars  of  the  goods 
sold,  the  price  sold  at,  and  the  total  amount  of  the  sale.  This  book  is 
usually  ruled  with  columns  for  the  date  and  folio,  and  with  double  cash 
columns.  The  Day  Book  entries  are  made  from  the  Delivery  Book,  and 
should  correspond  in  detail  with  the  invoice.  These  entries  are  subsequently 
posted  to  the  Dr.  side  of  the  vai-ious  customers'  accounts  in  the  Sold  or 
Sales  Ledger. 

The  Invoice  Book,  or  Bought  Day  Book,  will  contain  a  record  of  all  goods 
bought  on  credit,  including  the  name  and  address  of  the  firms  from  whom 
the  goods  ha\  e  been  purchased,  particulars  of  the  goods,  the  price  at  which 
they  have  been  bought,  and  the  total  amount  of  the  purchase.  This  book 
is  usually  ruled  in  a  similar  manner  to  the  Sales  Day  Book.  The  Invoice 
Book  entries  are  written  up  from  the  invoices  received,  after  they  have 
been  checked.  The  entries  are  subsequently  posted  to  the  Cr.  side  of" the 
various  sellers'  accounts  in  the  Bought  Ledger. 

The  Sales  Ledger  contains  an  account  for  every  customer  who  purchases 
goods  on  credit.  A  convenient  ruling  is  with  colunms  for  date  and  folio 
and  double  cash  columns,  these  occupying  one  half  of  the  page,  the  remain- 
ing portion  being  ruled  similarly,  so  that  Dr.  and  Cr.  entries  may  be  made 
on  the  same  page.  A  thumb  index  is  provided.  No  details  of  the  goods 
bought  by  the  customer  are  entered,  as  full  particulars  are  in  the  Day 
Book.  The  entry  from  the  Day  Book  is  simply  posted  into  the  Sales 
Ledger  on  the  Dr.  side  as  "  To  goods ",  giving  the  amount  and  date  of 
the  sale.  From  this  book  is  ascertained  the  amount  of  debtors'  accounts 
outstanding.  It  is  necessary  when  posting  any  item  to  a  ledger  that  the 
book  and  folio  from  which  the  item  was  obtained  be  entered  for  facility  of 
reference,  and  vice  versa. 

The  Bought  Ledger  contains  an  account  for  every  firm  from  whom  a 
purchase  is  made  on  credit.  The  ruling  is  similar  in  every  detail  to  that 
of  the  Sales  Ledger.     No  details  of  goods  purchased  are  entered  in  the 
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Bought  Ledger,  these  being  ah-eady  contained  in  the  Invoice  Book,  but  the 
entry  is  posted  from  the  Invoice  Book  to  the  Cr.  side  of  the  Bought  Ledger 
as  "  By  goods ",  giving  the  amount  and  the  date  of  the  purchase.  From 
this  book  is  ascertained  the  extent  of  the  liabilities  for  purchases  at  any 
given  date. 

The  Private  Ledger  contains  accounts  which  ai-e  of  a  confidential  nature, 
such  as  Capital,  Profit  and  Loss  Account,  Partners'  Drawing  Accounts, 
Loans,  Premises,  &c.  It  also  contains  what  are  called  Impersonal  Accounts, 
such  as  Rent,  Rates,  and  Taxes,  Gas,  Water,  Salax-ies,  Travelling  Expenses, 
Bills  Payable  and  Bills  Receivable,  Machinery  and  Tools,  Discount  and 
Interest,  Carriages,  Trade  Expenses,  and  Bad  Debts.  This  ledger  would 
be  accessible  to  the  Principals,  the  Confidential  Clerk,  and  the  Accountant 
only.  The  Private  Ledger  is  ruled  in  a  similar  manner  to  the  other 
ledgers. 

The  Journal  is  an  intermediary  book  for  completing  the  system  of 
double  entry,  and  is  used  for  making  transfer  entries.  The  ruling  is 
usually  (1)  a  column  for  the  date,  (2)  a  column  for  the  folio,  and  (3)  two 
cash  columns.  These  cash  columns  represent  respectively  the  Debtor  and 
the  Creditor  sides  of  the  Ledger.  All  impersonal  items  are  usually  passed 
through  the  Journal.  As  an  example,  if  a  bill  of  exchange  is  accepted, 
the  account  of  the  drawer  would  be  charged  and  the  Bills  Payable  account 
credited  in  the  Impersonal  Ledger;  or  in  the  case  of  a  Bill  Receivable 
being  discounted,  the  entries  would  be  journalized  thus:  debit  Cash  for  the 
amount  of  cash  received,  and  debit  Discount  Account  for  the  amount 
chaiged  for  discounting  the  bill;  credit  Bills  Receivable  account  with  the 
full  amount  of  the  bill.  The  details  of  the  bill  so  discounted  would  be 
stated  at  the  foot  of  the  entry  in  the  Journal. 

A  Petty  Cash  Book  is  required  to  record  all  petty  expenses  or  disburse- 
ments which  are  strictly  cash  transactions.  The  most  convenient  ruling 
for  this  book  is  several  money  columns  on  the  Cr.  side  and  one  money 
column  on  the  Dr.  side.  Cheques  should  be  drawn  for  Petty  Cash  of  (say) 
£5  value  at  a  time,  this  amount  being  entei'ed  as  a  payment  on  the  Cr.  side 
of  the  Cash  Book,  and  also  entered  on  the  Dr.  side  of  the  Petty  Cash  Book 
as  a  receipt.  On  the  Cr.  side  of  the  Petty  Cash  Book  is  shown  how  the 
money  is  expended,  the  several  money  columns  being  utilized  to  facilitate 
analysis  of  the  expenditure,  the  columns  being  totalled  each  month  and 
posted  to  the  various  accounts  in  the  Private  Ledger.  The  Petty  Cash 
Book  should  be  balanced  weekly,  bringing  down  the  balance  of  cash  in 
hand.  The  analysis  under  headings  allows  the  expenditure  to  be  more 
easily  appropi'iated,  the  petty  cash  being  a  frequent  source  of  leakage  in 
small  amounts,  which  may  tend  to  make  a  considerable  difference  to  the 
profit.  Such  items  as  postage,  carriage  on  goods,  cartage,  sundry  travelling 
expenses,  and  even  small  tools,  which  should  be  charged  to  their  respective 
sales  or  jobs,  are  likely  to  be  overlooked  in  the  lump  sum,  unless  a  careful 
watch  is  kept  over  the  Petty  Cash  Book. 

The  Bill  Book  usually  contains  a  record  of  bills  receivable  and  bills 
payable,  and  is  made  with  suitable  ruling — one  end  for  bills  receivable,  and 
the  other  for  bills  payable. 
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The  Order  Book  is  a  book  similar  to  those  previously  described,  and 
specially  ruled  to  meet  the  requirements  of  the  business.    In  a  general 

OEDER  BOOK 


10 

FebPvUARy,  1908 


Date. 

Order 
No. 

Customer's  Name. 

Particulars  of  Order. 

Date 
Completed. 

17 

66 

Brown,  James  

72   sets  4"  copper 

20/2/08 

ball  spinnings  22* 

g;i"ge  

way  suitable  ruling  would  be  columns  for  the  date,  the  order  number,  the 
name  of  the  customer,  the  subject  matter  of  the  order,  and  the  date  when 
completed. 

The  Delivery  Book  is  a  manifold  book  specially  made  and  printed,  so 
arranged  that  two  detachable  carbon  copies  are  taken  at  the  time  the 


DELIVERY  BOOK 


No.  160. 

JOHNSON  &  Co., 

Vulcan  Works, 

LONDON,  19... 

M.  

Received  Goods  as  under:— 


Signature. . 


original  is  written,  one  copy  to  be  retained  by  the  consignee,  one  copy 
for  the  consignee's  signature,  and  the  third  and  original  remaining  as  a 
counterfoil  in  the  delivery  book  for  the  use  of  the  office.  The  printed 
matter  should  contain  the  name,  address,  and  trade  of  the  firm  by  whom 
the  book  is  used,  and  also  prominent  positions  for  the  date  and  customer's 
name.  One  of  the  carbon  copies  should  be  marked  "  Please  Receive ", 
and  the  other  "  Received  ",  the  latter  having  a  space  at  the  foot  for  the 
signature  of  the  consignee  or  his  agent.    The  delivery  notes  should  be 
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numbered  consecutively  throughout  the  book,  every  series  of  three  bear- 
ing the  same  number.  The  delivery  book  is  required  for  the  purpose 
of  registering  the  despatch  of  all  goods,  notifying  the  consignee  of  the 
fact,  and  obtaining  evidence  of  the  receipt  of  the  goods  by  the.  consignee 
or  his  agent. 

The  Ordering  Book  should  be  a  manifold  book,  one  carbon  copy  being 
made  at  the  same  time  as  the  original  is  written.    The  forms  should  be 


ORDERING  BOOK 


No.  1507. 

Vulcan  Works, 

LONDON,  19... 

M  

Please  supjjly  and  forward  to  


Carriage   and  oblige, 

Marks   JOHNSON  &  Co. 

jV.B.— No  goods  are  to  be  forwarded  without  an  official  order,  and  an  invoice 
bearing  the  above  number  must  accompany  the  goods. 


specially  ruled  and  numbered  consecutively,  and  should  have  printed  matter 
containing  the  name,  address,  and  trade  of  the  tirm  issuing  the  order, 
spaces  for  the  date,  the  name  of  the  firm  to  whom  the  order  is  issued,  the 
destination  of  the  goods,  any  marks  under  which  the  goods  are  to  be 
consigned,  and  the  means  of  transport.  It  is  usual  to  include  a  footnote 
stating  that  "  No  goods  are  to  be  forwarded  without  an  official  order,  and 
an  invoice  bearing  the  above  number  must  accompany  the  goods ". 

Receipt  Book,  &c. — A  special  book  is  usually  kept  for  official  receipts, 
and  other  minor  books  of  reference  are  sometimes  required  for  office 
routine,  such  as  for  stamps,  &c. 

For  a  purchase  an  order  form  is  made  out  in  favour  of  the  seller  for 
the  goods  required.  In  due  course  the  goods  are  received  into  the  stoi-es, 
and  particulars  are  entered  in  the  inward  delivery  book  by  the  storekeeper, 
including  particulars  of  the  weight,  number,  and  description,  as  may  be 
necessary,  the  firm  from  whom  the  goods  were  received,  and  probably  the 
means  of  transport,  as  it  is  advisable  to  know  this  in  the  event  of  there 
being  any  discrepancy  or  damage.  These  particulars  are  handed  into  the 
office  at  the  end  of  the  day  by  the  storekeeper,  and  the  clerk  whose  duty 
it  is  to  check  the  invoice  (which  would  already  have  been  received  notify- 
ing the  despatch  of  the  goods)  examines  and  compares  the  two  documents 
to  ascertain  that  each  item  received  is  in  accordance  with  that  invoiced. 
To  ensure  that  this  is  properly  carried  out,  an  indiarubber  stamp  should 
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be  provided,  with  which  all  invoices  would  be  impressed.  The  impression 
should  leave  spaces  for  the  initials  of  the  clerical  staff  responsible  for 
checking  the  invoices,  and  so  long  as  any  of  these  spaces  are  incomplete, 
the  invoices  should  not  be  filed. 

Indiarubber  Stamp  for  Invoices 
Received 


Rates  checked  by  

Calculations  checked  by . . . 

Quantities  checked  by  

Passed  for  payment  by  

Appropriated  to  

Invoice  Book  folio   


After  the  rates,  quantities,  and  calculations  have  been  checked,  the 
invoice  is  dealt  with  for  appropi'iation,  the  items  being  entered  at  their 
net  amount  either  upon  the  prime  cost  cards  to  the  particular  work  for 
which  the  goods  were  ordered,  or  upon  the  stock  cards,  as  the  case  may 
be.  The  invoice  is  then  ready  for  entry  into  the  Invoice  Book,  a  fair  copy 
being  made,  showing  corrections  (if  any),  and  the  folio  of  the  Invoice 
Book  being  added  to  the  invoice  in  the  space  provided  in  the  impression 
before  referred  to.  The  invoice  can  then  be  filed  or  guarded  for  future 
reference. 

It  is  now  necessary  to  open  an  account  in  the  Bought  Ledger  in  favour 
of  the  seller  or  creditor,  and  this  is  carried  out  as  follows.  Dr.  and  Cr.  are 
written  in  the  top  left-  and  right-hand  corners  of  the  page  respectively, 
and  the  name  of  the  firm  is  written  in  large  hand  at  the  head  of  the  page 
selected,  and  also  in  the  thumb  index,  the  number  of  the  folio  being  added 
in  the  latter  for  reference.  The  amount  of  space  likely  to  be  required  for 
entries  of  goods,  &c.,  purchased  from  this  firm  during  (say)  the  succeeding 
twelve  months  should  be  estimated,  and  the  necessary  following  pages 
reserved.  The  account  is  then  ready  to  receive  the  entry  of  the  trans- 
action on  the  credit  side,  the  folio  number  of  the  Invoice  Book  being 
inserted  in  the  column  provided  in  the  ledger,  and  vice  versa.  A  separate 
entry  in  the  account  should  be  made  for  paclcing  cases  and  other  debits 
for  which  a  credit  is  to  be  allowed  at  settlement. 

It  is  necessary  to  keep  invoices  a  certain  period  for  reference,  and 
arrangements  have  to  be  made  to  facilitate  this.  Two  methods  are 
in  general  use,  the  better  system  requiring  a  filing  cabinet,  which  is 
described  on  p.  353,  and  the  other  method  being  by  means  of  guard 
books.  The  guard  book  is  a  large  and  strongly  bound  book  with  leaves 
ruled  with  double  cash  columns.  The  invoices  are  fixed  into  the  book, 
generally  monthly  and  in  alphabetical  order,  so  that  all  the  invoices 
received  in  the  month  from  each  firm  appear  in  the  order  of  dating.  The 
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total  of  each  invoice,  as  well  as  the  credits  and  the  aggregate  of  the 
monthly  trading  with  each  firm,  is  entered  in  the  cash  column ;  and 
the  aggregate  total  of  all  the  purchases  is  entered  at  the  end  of  each 
month. 

It  is  advisable  to  affix  the  receipt  showing  the  discharge  of  the  account 
to  the  invoice  to  which  it  applies,  or  to  the  uppermost  invoice  of  a  series 
covered  by  it. 

A  sale  transaction  is  dealt  with  as  follows.  An  order  is  received  from 
a  purchaser.  This  must  be  entered  in  the  Order  Book,  and,  presuming 
that  the  goods  ordered  are  stock  articles,  a  copy  of  the  order  is  forwarded 
to  the  storekeeper,  who  in  due  course  advises  the  office  that  the  goods  are 
ready  for  despatch.  Delivery  notes  in  triplicate  are  then  prepared  in  the 
manifold  Delivery  Book,  the  carbon  copies  being  detached  and  handed  to 
the  storekeeper  to  accompany  the  goods,  if  delivered  by  the  consigner's  own 
servants.  The  consignee's  receipt  would  be  obtained  on  the  "  Received  " 
note,  and  this  would  be  returned  to  the  office.  If  the  goods  are  forwarded 
by  another  mode  of  transport,  the  signature  of  the  receiving  agent  would 
be  obtained,  and  a  counterpart  of  the  delivery  note  forwarded  by  post 
to  the  consignee  as  an  advice  of  the  despatch  of  the  goods.  At  the 
time  of  preparing  the  delivery  note  the  entry  in  the  Order  Book  should 
be  compared  with  the  particulars  of  the  goods  furnished  by  the  store- 
keeper, and  if  found  to  be  correct,  the  entry  should  be  cancelled  with  a 
dating  stamp  in  the  column  provided. 

The  despatch  entry  in  the  Delivery  Book  is  next  entered  into  the 
Day  Book  by  the  invoice  clerk,  who  also  inserts  the  prices  and  enters 
the  Day  Book  folio  upon  the  counterfoil  of  the  Delivery  Book.  He  then 
makes  a  fair  copy  of  the  entry  in  the  Day  Book  upon  an  invoice  heading 
in  bill  form,  completing  the  extension  column  in  the  Day  Book,  with 
which  the  total  of  the  invoice  will  agree,  the  invoice  being  posted  in 
due  course  to  its  proper  destination.  An  account  with  the  purchaser  is 
opened  in  the  Sales  Ledger  in  a  precisely  similar  manner  to  that  described 
in  the  Bought  Ledger.  The  Day  Book  folio  is  entered  in  the  column 
provided  in  the  Sales  Ledger,  and  vice  versa.  A  separate  entry  in  the 
account  must  be  made  for  packing-cases  and  other  items  for  which  a  credit 
is  to  be  allowed  at  settlement. 

To  complete  these  transactions  of  purchase  and  sale  it  is  necessary  to 
discharge  the  liability  in  the  one  case,  and  receive  payment  for  the  asset 
on  the  other.  The  cash  book  is  the  medium  through  which  the  entries  are 
closed. 

In  the  case  of  a  purchase,  if  an  ordinary  monthly  credit  account  has 
been  arranged,  a  statement  of  the  liability  will  be  received  immediatel}^ 
after  the  close  of  that  month  from  the  seller,  as  recorded  in  his  ledger. 
On  receipt  of  this  document  it  should  be  impressed,  as  shown,  by  an 
indiarubber  dating  stamp  provided  for  the  purpose.  It  is  then  examined 
by  the  ledger  clerk,  and  compared  with  the  seller's  account  in  the  Bought 
Ledger.  If  it  is  correct,  deductions  are  made  for  credits  or  discounts  (if 
any),  and  it  is  initialled  in  the  space  provided,  and  passed  for  payment, 
a  cheque  being  drawn  and  transmitted  in  discharge  of  it,  and  a  receipt  in 
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Indiarubber  Stamp  for  Statements 
OF  Account 


Date  received.  

Date  passed  for  payment.. 
Passed  for  payment  by  ... . 
Ledger  folio  

acknowledgment  being  received  in  due  course.  The  responsible  clerk  enters 
the  amount  of  the  cheque  and  the  date  of  payment  on  the  credit  side  of  the 
Cash  Book  from  the  counterfoil  of  the  cheque.  At  the  same  time  he  adds 
the  Cash  Book  folio  to  the  counterfoil.  The  ledger  clerk  then  enters  to 
the  debit  side  of  the  seller's  account  in  the  Bought  Ledger  the  amount 
of  the  Cash  Book  entry,  and  balances  the  account  with  the  amounts  of 
any  deductions  for  credits  or  discounts,  the  Ledger  folio  being  entered  in 
the  column  provided  in  the  Cash  Book,  and  vice  versa,  thus  recording  the 
complete  transaction  of  purchase  and  payment. 

In  the  case  of  the  sale  effected,  a  statement  will  be  forwarded  imme- 
diately after  the  close  of  the  month  to  the  purchaser,  compiled  from  his 
account  in  the  Sales  Ledger.  This  statement  will  include  any  balance 
brought  forward  (either  debit  or  credit)  previous  to  the  sale  having  been 
effected ;  the  amount  of  the  sale  is  added,  and  a  total  showing  the  sum  due 
to  the  end  of  the  previous  month  completes  the  document.  In  due  course 
a  cheque,  or  cheques,  for  this  amount  will  be  received  from  the  debtor,  and 
entered  in  the  debit  side  of  the  Cash  Book  under  the  date  received.  The 
cheque  is  duly  acknowledged  on  the  official  receipt  form  and  paid  into 
the  banking  account,  and  the  ledger  clerk  credits  the  purchaser's  account 
in  the  Sales  Ledger  with  the  amount  received,  entering  the  Cash  Book  folio 
in  the  column  provided,  and  vice  versa.  Any  discounts  or  allowances  are 
separately  shown,  thus  recording  the  complete  transaction  of  sale  and 
payment. 

In  the  Sales  Ledger  an  account  should  be  opened  for  sundry  traders 
with  whom  transactions  are  very  limited  in  number,  say  from  one  to 
three  or  four  items  per  annum;  this  account  should  be  kept  within  the 
smallest  limits.  In  the  Bought  Ledger  a  similar  account  should  be  opened 
for  sundry  creditors. 

Impersonal  Accounts,  under  the  headings  previously  referred  to,  should 
be  opened  in  the  Private  Ledger  in  a  similar  manner  to  the  personal 
accounts  opened  in  the  Bought  and  Sales  Ledgers.  The  entries  referring 
to  impersonal  transactions  are  posted  to  the  accounts  to  which  they  apply. 

For  the  purpose  of  further  explaining  the  system  of  posting,  it  has  been 
assumed  that  the  following  transactions  have  taken  place.  Each  item 
having  been  posted  to  its  account,  it  will  be  observed  that  the  twofold 
nature  of  the  transfers  has  been  strictly  adhered  to  in  the  different  books 
provided  for  the  purpose. 
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The  opening  balances  for  the  period  under  review  are  as  follows,  the 
difference  between  the  Assets  and  the  Liabilities  being  the  Capital,  £1102, 
13s.  2d.:— 


LIABILITIES 


ASSETS 


J.  Brown  &  Co. 

Eent  due  , 

Bills  Payable  . . . 
Balance  Capital 


£ 

s. 

d. 

£ 

s. 

d. 

29 

15 

0 

W.  Brown  

5 

6 

2 

25 

0 

0 

T.  Robinson  &  Sons .. 

48 

5 

4 

200 

0 

0 

950 

0 

0 

1102 

13 

2 

100 

0 

0 

253 

16 

8 

1357 

8 

2 

1357 

8 

2 

LIST  OF  TRANSACTIONS 


£ 

s. 

d. 

Sold  W.  Brown   

Plumber's  Goods  ... 

11 

10 

Bought  of  J.  Brown  &  Co. 

Wrought-iron  Pipe 

3 

17 

0 

Bought  of  L.  Douglas 

Kitchener  ... 

7 

5 

0 

Sold  T.  Jones  &  Co. 

H.-W.  Apparatus  ... 

156 

15 

0 

Received  Cash  from  T.  Jones  & 

Co.,  and  allowed  them 

£7,  16s.  'dd.  discount 

148 

18 

3 

Paid  Cash  for  Wages 

56 

0 

0 

Paid  Cash  for  Petty  Cash ... 

5 

0 

0 

Sold  John  Oakes  ... 

Bath  

10 

10 

0 

Sold  T.  Robinson  &  Sons  ... 

Electric  Bells 

1 

13 

0 

Sold  Smith  &  Co.,  Limited 

Electric  Light  Plant 

590 

0 

0 

Bought  of  T.  Harrison  &  Sons 

Lead  Pipe  ... 

10 

10 

0 

Bought  of  J.  Harvey 

Wire 

4 

12 

6 

Bought  of  J.  Robinson  &  Co. 

Oak  Chimneypiece 

10 

5 

0 

Bought  of  T.  Sandford  &  Co. 

Boiler 

75 

0 

0 

Sold  Slide  Bros  

Bolts,  &c  

3 

2 

Received  Cash  from  Slide  Bros.  ... 

3 

2 

Paid  Cash  to  J.  Harvey,  and  was  allowed  4s.  M.  discount 

4 

7 

10 

Received  Cash,  T.  Robinson  &  Sons,  and  allowed  them  £2,  8s.  M. 

discount 

45 

17 

1 

Paid  for  Fares  from  Petty  Cash  . . . 

1 

6 

Paid  Cash  to  J.  Freeman  for  Rent 

25 

0 

0 

Bought  Bill  Stamp  from  Petty  Cash 

4 

0 

Paid  Cash  for  Wages 

64 

0 

0 

Received  Cash,  Smith  &  Co.,  Limited, 

on  a/c  ... 

200 

0 

0 

Paid  Fares  from  Petty  Cash 

9 

Paid  Cash,  J.  RobiTison  &  Co.,  and  was 

allowed  10s.  3c?.  discount 

9 

14 

9 

Paid  Cash  on  Bill  payable  due 

200 

0 

0 

Bought  Stamps  and  Registered  Letter  from  Petty  Cash 

10 

3 

Paid  Cash,  J.  Brown  &  Co.,  and  was  allowed  <£1,  9s.  9c?.  discount 

28 

5 

3 

Received  Cash,  W.  Brown,  and  allowed  him  5s.  Zd.  discount  ... 

5 

0 

11 

Paid  Cash,  T.  Harrison  &  Sons,  and  was  allowed  10s.  6c?.  discount 

9 

19 

6 

Paid  Cash  for  Salaries 

45 

0 

0 

Drew  Cash  for  Private  Expenses . . . 

50 

0 

0 

Received  Cash  for  Bill  Receivable 

100 

0 

0 

Accepted  Bill  payable  on  T.  Sandford 

&'co. 

75 

0 

0 

Drew  Bill  Receivable  on  Smith  &  Co.,  Limited,  allowing  them 

£14,  5s.  discount  ... 

375 

15 

0 
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SALES  DAY  BOOK 


Folios 


Mr.  W.  Brown,  London  

4  f"  Main  Ferrules  

2  2"  Caps  and  Screws  

3  lb.  Plumbers'  Solder  

1  li"  7 -lb.  Lead  "S"  Trap. 


Messrs.  T.  Jones  &  Co.,  Man- 
chester   

Providinif  and  fixing  Domestic 
Hot -water  Supply  Appar- 
atus to  Baths,  Sinks,  &c., 
complete,  as  Contract  dated 
11/5/06  

Mr.  John  Oakes,  London  

1  5'  6"  Pure  Porcelain  Enamel 
Roll  Edge  Bath  with  1" 
nickel  plated  fittings,  com- 
plete  

Messrs.  T.  Robinson  &  Sons, 
Liverpool  

4  3"  best  quality  Electric  Bells 

2  No.  1  Dry  Batteries  

3  Coils  1/20  Bell  Wire  

Messrs.  Smith  &  Co.,  Ltd., 
Leeds   

Wiring  for  310  Electric  Light 
Points  in  Steel  Conduit, 
complete,  as  Estimate  dated 
10/4/06  


Messrs.  Slide  Bros.,  Halifax... 

4  t"  X  21"  Square  Head  Bolts 

and  Nuts  

4  2"  Square  Washer  Plates  

1  Sheet  g"  Wrought-iron  Plate, 
6"  X  1'  6"  


1/3 
1/ 

lOd. 


2d. 
3d. 


156 


10 


590 


15 


10 


12 
6 
15 


11 


d. 
10 


156 


15 


10 


10 


13 


590 


759  13 
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INVOICE  BOOK 


Folios 


J.  Brown  &  Co.,  Leeds  

1"  100  ft.  Galvanized  Pipe  

2  Round  Elbows  

4  Tees  

Mr.  L.  Douglas,  London  

1  42"  Independent  Kitchener,  Oven  and 
Boiler   

T.  Harrison  &  Sons,  London  

3"  100  ft.  5  lb.  Lead  Pipe  

1"  200  ft.  3  lb.  Lead  Pipe  

Mr.  J.  Harvey,  Southampton  

110  yd.  7/18  Rubber-covered  Electric  Cable 

J.  Robinson  &  Co.,  London  

1    Oak    Chimneypiece,    complete,  with 
Overmantel  

T.  Sandford  &  Co.,  York  

1  7'  6"  X  .3'  0"  Vertical  Steam  Boiler  with 
Mountings  


2/3 
2/H 


10 


0 
10 


12 


10 


10 


111       9  6 


PETTY  CASH  BOOK 


RECEIPTS. 


To  Cash 


To  Bal- 
ance.. 


5    0  0 


Particulars. 


By  Fares  to  City 
II  Bill  Stamp.. 
II  FarestoHol- 

born  

II  Stamps,  Id. 
II  Registered 

Letter  

II  Balance  


J.  L.,  9    J.  L.,  10 


J.  L.,11 


Travel- 
ling. 

Sundry 
Expenses. 

Postages. 

Total. 

£ 

d. 

£ 

s. 

((. 

£ 

s. 

d. 

£ 

s. 

d 

£ 

s. 

d. 

0 

1 

6 

0 

1 

6 

0 

4 

0 

0 

4 

0 

0 

0 

9 

0 

0 

9 

10 

0 

0 

10 

0 

0 

0 

3 

0 

0 

3 

4 

6 

0 

2 

3 

0 

4 

0 

0 

10 

3 

5 

0 

0 

CE. 
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T.  Sandford  &  Co  Br. 

To  Bills  Payable  


Bills  Receivable  Dr. 

To  Smith  &  Co.,  Ltd  


Discounts  A/c  Dr. 

To  Smith  &  Co.,  Ltd  

(Being  Discount  allowed  in  their  A/c 


Stock  A/c  Dr. 

To  Sundry  Persons  

(Being  Purcliases  during  Montli.) 


Sundry  Persons  Dr. 

To  Stock  A/c  

(Being  Sales  during  Montli.) 


Discounts  A/c  Dr. 

To  Sundry  Persons  

(Being  Discounts  allowed  during 
Month.) 


Sundry  Persons  Dr. 

To  Discounts  A/c  

(Being  Discounts  received  during 
Month.) 


Capital  A/c  Dr. 

To  Drawings  

(Being  Drawings  for  Month.) 

Closing  Entries 
Stock  A/c   Dr. 

To  Profit  and  Loss  A/c  


Profit  and  Loss  A/c  Dr. 

To  Rent,  Rates,  and  Taxes... 

Wages  A/c  

Discounts  A/c  

Travelling  A/c  

Sundry  E.xpenses  A/c... 

Postages  A/c  

Salaries  A/c  


Profit  and  Lo.ss  A/c  Dr 

To  Capital  A/c   


B.  L. 

6 

p.  L. 

4 

P  L. 

4 

S.  L, 


P.  L. 

9 

S.  L. 

5 


p.  L 

6 


P.  L. 

6 


p.  L. 

9 


p.  I, 


p.  L. 
1 

P.  L. 

2 


p  I, 
6 

p.  L. 

3 

p.  L 

3 

p.  L 

7 

8 
9 

10 
11 
12 
13 

P  L. 

3 
1 


a. 

d. 

£ 

s. 

d. 

i  0 

n 

V 

yj 

73 

0 

0 

376 

15 

0 

375 

15 

0 

14 

5 

0 

14 

5 

0 

111 

9 

6 

111 

9 

6 

759 

13 

0 

759 

13 

0 

10 

10 

3 

10 

10 

3 

2 

15 

2 

2 

15 

2 

50 

0 

0 



— 

50 


0 

— 

0 





1399 

7 

11 

1399 

7 

11 

326 

6 

7 

OZO 

ft 

o 

7 

212 

16 

7 

25 

0 

0 

120 

0 

0 

22 

0 

1 

0 

2 

3 

0 

4 

0 

0 

10 

3 

45 

0 

0 

113 

10 

0 

113 

10 

0 

652 

13 

2 

652 

13 

2 
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Dr. 


BOUGHT  LEDGER 
J.  Brown  &  Co.,  Leeds 


Cr.  1 


To  Cash  

II  Discount 
II  Balance  . 


£ 

s. 

d. 

28 

5 

3 

1 

9 

9 

3 

17 

0 

33 

12 

0 

By  Balance  . 
M  Goods  ... 


By  Balance . 


Br. 


L.  Douglas,  London 


£ 

.s. 

d. 

£ 

s. 

d. 

7 

5 

0 

By  Goods   

1 

7 

5 

0 

! 
1 

7 

5 

0 

To  Balance 


Br. 


T.  Harrison  &  Sons,  London 


To  Cash  

II  Discount 


10 


By  Goods 


£ 

d. 

10 

10 

0 

10 

10 

0 

Br. 


J.  Harvey,  Southampton 


To  Cash  

II  Discount 


12  I  6 


By  Goods 


Br. 


J.  Robinson  &  Co.,  London 


£ 

s. 

d 

1 

10 

5 

0 

10 

5 

0 

£ 

s. 

d. 

To  Cash  

1 

9 

14 

9 

0 

10 

3 

10 

5 

0 

By  Goods 


Br. 


T.  Sandford  &  Co.,  York 


To  Bill   

J.  1 

£ 
75 

». 
0 

d. 
0 

By  Goods   

1 

£ 

75 

s. 
0 

d. 
0 

Vol.  III. 
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IV. 


SALES  LEDGER 
W.  Browx,  London 


Cr.  I 


& 

s. 

d. 

5 

6 

2 

1,  Goods   

1 

0 

11 

10 



5 

18 

0 

0 

11 

10 

By  Cash  

II  Discount 
II   Balance  .. 


s. 

d. 

5 

0 

11 

0 

5 

3 

0 

11 

10 

5 

18 

0 

Dr. 


T.  Jones  &  Co.,  Manchester 


Cr.  2 


To  Goods 


£ 

156 


156 


By  Cash  

M  Discount 


£ 

s. 

d. 

148 

18 

3 

7 

16 

9 

156 

15 

0 

Dr. 


John  Cakes,  London 


£ 

s. 

d. 

1 

10 

10 

0 

10 

10 

0 

Cr.  3 


£ 
10 

s. 
10 

d. 
0 

By  Balance , 


Dr. 


T.  Robinson  &  Sons,  Liverpool 


£ 

s. 

d. 

48 

5 

4 

1 

1 

13 

0 

49 

18 

4 

1 

13 

0 

Cr.  4 


By  Cash  

II  Discount 
II  Balance.. 


£ 

s. 

d. 

1 

45 

17 

1 

1 

2 

8 

3 

1 

13 

0 

49 

18 

4 

Dr. 


Smith  &  Co.,  Limited,  Leeds 


Cr.  5 


To  Goods 


Dr 


& 

s. 

d. 

590 

0 

0 

590 

0 

0 

By  Cash  

II  Bill  Receivable  . 
II  Discount   


1 
J.  1 


Slide  Bros.,  Halifax 


£ 
0 

s. 

3 

d. 
2 

s. 

d. 

200 

0 

0 

375 

15 

0 

14 

5 

0 

590 

0 

0 

Cr. 

6 

£ 

s.  1 

d. 

0 

3  1 

2 

To  Goods 


By  Cash . 
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Dr. 


To  Di  awing  , 
M  Balance  ., 


PRIVATE  LEDGER 

Capital  A/c 


Cr.  I 


J.  2 


s. 

d. 

£ 

s. 

d. 

50 

0 

0 

P.L. 

1102 

13 

2 

1166 

3 

2 

ir  Profit  and  Loss  . 

3 

113 

10 

0 

1216 

3 

2 

1216 

3 

2 

1166 

3 

2 

2)r. 


Drawings  A/c 


& 
60 

s 
0 

d. 
0 

Cr.  2 


To  Cash 


By  Capital  A/c  . 


J.  2 


Dr. 


Profit  and  Loss  A/c 


£ 

s. 

d. 

J.  li.  1 

£ 

s. 

d. 

To  Wages   

120 

0 

0 

By  Bal.  Trading  A/c 

5 

326 

6 

7 

J.  L. 

3 

45 

0 

0 

II  Rent  

2n 

0 

0 

ir  Discounts  

22 

0 

1 

II  Postages   

11 

0 

10 

3 

II  Sundry  Exes.  ... 

II 

0 

4 

0 

II  Travelling  ..  .. 

II 

0 

2 

3 

II  Balance  net  profit 

113 

10 

0 

^^26 

6 

7 

32C 

ti 

7 

Dr. 


Bills  Payable 


To  Cash  .... 
II  Balance 


C.  B. 
1 


£ 

s. 

d. 

200 

0 

0 

75 

0 

0 

275 

0 

0 

By  Balance  . 


By  Balance .:. 


£ 

s. 

d. 

200 

0 

0 

&  Co.  . 

J.l 

75 

0 

0 

275 

0 

0 

75 

0 

0 

Dr. 


Bills  Receivable 


£ 

s. 

d. 

100 

0 

0 

375 

15 

0 

475 

15 

0 

375 

15 

0 

To  Balance  

II  Smith  &  Co.,  Ltd. 


To  Balance 


J.l 


By  Cash  

II   Balance  . 


c.  B. 
1 


£ 

s. 

d. 

100 

0 

0 

375 

15 

0 

475 

15 

0 
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Dr. 


Stock  A/c 


Cr.  6 


& 

s. 

d. 

£ 

s. 

d 

To  Balance  Stock  . . . 

950 

0 

0 

J.  1 

759 

13 

0 

J.  1 

111 

9 

6 

628 

3 

1 

p.  L. 

M  Profit  and  Loss  . 

3 

326 

6 

7 

1387 

16 

1 

1387 

16 

1 

To  Stock  

628 

3 

1 

Dr. 


Rent,  Rates,  and  Taxes 


Cr.  7 


To  Cash  

II  Amount  due 


Dr. 


£ 

s. 

d. 

p.  L. 

£ 

d. 

25 

0 

0 

25 

0 

0 

25 

0 

0 

II  Profit  and  Loss  . 

3 

25 

0 

0 

50 

0 

0 

50 

0 

0 

25 

0 

0 

Wages 


Cr.  8 


C.  B. 

£ 

s. 

d. 

p.  L. 

£ 

s. 

d. 

To  Cash  

1 

56 

0 

0 

By  Profit  and  Loss  . 

3 

120 

0 

0 

11  Cash  

1 

64 

0 

0 

120 

0 

0 

120 

0 

0 

Dr. 


Discounts 


Cr.  9 


£ 

s. 

d. 

£ 

s. 

d. 

To  Smith  &  Co. 

J.  1 

14 

5 

0 

J.  1 

2 

15 

2 

p.  L. 

10 

10 

3 

11  Profit  and  Loss  . 

3 

22 

0 

1 

24 

15 

3 

24 

15 

3 

Dr. 

Travelling 

Cr. 

10 

P.C.B. 

£ 

S. 

d. 

p.  L. 

£ 

s. 

d. 

To  Cash  

1 

0 

2 

3 

By  Profit  and  Loss  . 

3 

0 

2 

3 

Dr. 


Sundry  Expenses 


Cr.  II 


PCB. 

£    I  s. 

d. 

p.  L. 

£ 

s. 

d. 

To  Cash  

1 

0   1  4 

0 

By  Profit  and  Loss  . 

3 

0 

4 

0 

Dr. 


Postages 


Cr.  12 


To  Cash  , 


P  C.B. 
1 


s.  I  d. 
10  ^  3 


By  Profit  and  Loss  , 


p.  L. 

3 


10 
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Br.  Salaries  Cr.  13 


£ 

d. 

p.  L. 

£ 

s. 

d. 

To  Cash  

1 

45 

0 

0 

By  Profit  and  Loss  . 

3 

45 

0 

0 

Stocktaking. — For  the  purpose  of  ascertaining  whether  a  business  is 
being  carried  on  profitably,  and  also  tu  arrive  at  the  true  financial  posi- 
tion of  the  undertaking,  it  is  necessary  to  take  stock  at  the  end  of  the 
financial  year,  the  date  coinciding  with  that  upon  which  the  accounts  in 
the  ledger  are  made  up.  The  periods  are  usually  of  either  six  or  twelve 
months'  duration.  It  is  usual  to  rate  all  goods  at  their  net  cost  price,  no 
sale  having  been  effected.  This  opportunity  should  be  taken  of  disposing 
of  obsolete  stores,  as  these  augment  the  working  expenses  by  employing 
capital  to  no  profitable  purpose,  besides  incurring  expense  in  handling  and 
occupying  valuable  space.  Partly  finished  work,  whether  indoor  or  out- 
door, should  be  valued  at  the  net  cost  of  the  labour  and  material  plus  the 
working  expenses.  In  valuing  plant  and  machinery,  the  first  cost  value 
may  be  taken  and  reduced  each  year,  the  annual  reduction  being  a  fixed 
percentage  of  the  value  at  the  beginning  of  the  year,  the  percentage  vary- 
ing in  inverse  proportion  to  their  life  as  profitable  tools.  Too  much  care 
and  consideration  cannot  be  given  to  the  valuation  of  the  stock,  fixtures, 
plant,  and  premises,  as  to  undervalue  or  overvalue  them  produces  an 
unreliable  and  misleading  statement  of  aflfairs. 

Having  carefully  gone  through  the  various  postings,  it  will  now  be 
necessary  to  prepare  the  Profit  and  Loss  Account  and  Balance  Sheet;  but 
before  doing  so  a  Trial  Balance  (as  shown  on  next  page)  for  the  purpose 
of  checking  the  arithmetical  accuracy  of  the  entries  is  necessary.  All 
the  Dr.  and  Cr.  balances  are  abstracted  from  the  Ledger.  As  for  every 
transaction  a  Dr.  entry  has  its  corresponding  Cr.  entry,  the  totals  of  the 
Dr.  and  Cr.  sides  of  the  trial  balance  must  agree.  Should  there  be  any 
difference,  it  will  be  necessary  to  check  each  of  the  items  individually, 
until  the  error  is  discovered. 

Closing  of  Accounts. — Having  proved  the  arithmetical  accuracy  of  the 
accounts  by  the  Trial  Balance,  the  next  step  is  to  close  the  Stock  Account, 
the  Discount  Account,  and  the  various  Expenses  Accounts  in  the  Private 
Ledger.  These  entries  are  what  are  called  adjusting  entries.  By  a  careful 
perusal  of  the  Journal  on  page  340,  it  will  be  seen  how  the  closing  of  these 
accounts  is  effected.  There  now  remain  in  the  Private  Ledger  the  Profit 
and  Loss  Account,  the  Partners'  Private  Account,  and  the  Capital  Account 
to  close.  Having  carried  the  gross  profit  from  the  Stock  Account  and  all 
balances  of  the  Expense  Accounts  to  the  Profit  and  Loss  Account,  it  now 
becomes  necessary  to  close  this  account  and  so  ascertain  the  net  profit  or 
loss.  The  entries  on  the  debtor  and  creditor  sides  are  added  up,  and  the 
diflference  between  these  totals  represents  the  net  profit  or  loss  for  the  year. 
If  the  credit  side  is  the  greater  a  profit  has  been  made,  but  if  the  debtor 
side  is  the  greater  a  loss  has  been  sustained.    In  the  example  given  above, 
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a  net  profit  of  £113,  lOs,  has  been  made.  The  Profit  and  Loss  Account 
is  then  closed  by  debiting  it  with  this  amount  and  crediting  Capital 
Account.  (See  Closing  Entries  in  Journal,  page  340.)  The  net  result  of 
the  Trading  for  the  year  has  been  an  increase  in  the  Partners'  Capital 
by  £113,  10s.  From  this,  however,  must  be  deducted  the  amount  of  the 
Partners'  private  drawings,  amounting  to  £50.  This  Partners'  Private 
Drawing  Account  is  closed  by  debiting  the  Capital  Account  with  the  £50 
and  crediting  the  Private  Account.  The  final  account  to  close  in  the 
Private  Ledger  is  the  Capital  Account.  Adding  up  the  debtor  and  creditor 
sides,  we  find  the  difference  to  be  £1166,  3s.  2d.,  which  is  the  new  Capital. 

Closing'  of  the  Personal  Accounts. — To  close  the  accounts  in  the  Bought 
and  Sales  Ledgers  is  a  very  simple  matter.  All  that  is  required  to  be  done 
is  to  add  up  the  debtor  and  creditor  sides,  and  if  they  agree  rule  them  off" 
as  closed.  If  they  do  not  agree,  then  there  is  a  balance.  The  amount 
of  this  balance  is  entered  on  the  lesser  side,  and  the  account  added  up 
and  ruled  off".  Care  must  be  taken,  however,  to  bring  this  balance  forward 
to  the  next  year.  Balances  are  called  either  debtor  or  creditor  balances, 
as  the  case  may  be. 


TRIAL  BALANCE 


£ 

6'. 

d. 

s. 

d. 

1. 

Capital  ... 

1102 

13 

2 

2. 

Drawings 

50 

0 

0 

4. 

Bills  Payable  

75 

0 

0 

5. 

Bills  Receivable 

375 

15 

0 

6. 

Stock  A/c:  General  Profit 
Stock 

628 

3 

1 

326 

6 

7 

7. 
8. 

Rent,  Rates,  and  Taxes;  Profit 
and  Loss 

n            Due  ... 
Wages  ... 

25 
120 

0 
0 

0 
0 

25 

0 

0 

9. 

Discounts 

22 

0 

1 

10. 

Travelling 

0 

2 

3 

11. 

Sundry  Expenses 

0 

4 

0 

12. 

Postages 

0 

10 

3 

13. 

Salaries 

45 

0 

0 

As  per  List. 

Debtors 

12 

14 

10 

Creditors 

11 

2 

0 

C.  B.,  1. 

Cash  at  Bank  ... 

256 

8 

9 

P.  C.  B.,  1. 

Petty  Cash  in  Hand  ... 

4 

3 

6 

1540 

1 

9 

1540 

1 

9 

Balance  Sheet. — Having  ascertained  from  the  Trial  Balance  that  the 
postings  in  the  books  are  correct,  all  adjustments  completed,  and  all 
accounts  balanced,  the  Balance  Sheet  can  be  prepared.  A  Balance  Sheet 
is  a  statement  showing  upon  one  side  the  assets,  or  what  the  business 
possesses  or  is  entitled  to  receive,  and  upon  the  other  side  the  liabilities, 
or  what  the  business  owes. 
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BALANCE  SHEET 

As  at  19 

Liabilities.  Assets. 


£ 

d. 

£ 

S. 

d. 

Stock  

628 

3 

1 

Sundry  Debtors  

12 

14 

10 

Bills  Receivable  

375 

15 

0 

Cash  at  Bank  

256 

8 

9 

Petty  Cash  in  Hand.... 

4 

3 

6 

1166 

3 

2 

11 

2 

0 

25 

0 

0 

75 

0 

0 

1277 

5 

2 

1277 

5 

2 

Capital  

Add  Profit. 


Less  Drawings 


£ 

s. 

d. 

1102 

13 

2 

113 

10 

0 

1216 

3 

2 

50 

0 

0 

Sundry  Creditors. 

Rent  Due   

Bills  Payable  


Auditor. — It  is  most  necessary  that  a  qualified  accountant  be  employed 
to  audit  the  accounts,  and  to  prepare  the  Profit  and  Loss  Account  and. 
Balance  Sheet.  The  expense  is  small  in  comparison  with  the  advantages 
gained,  errors  and  irregularities  often  being  brought  to  notice  which  would 
otherwise  have  escaped  attention.  A  careful  audit  is  the  greatest  safe- 
guard against  negligent  bookkeeping  and  fraud,  and  brings  to  notice  most 
useful  data  in  concise  form  which  are  not  otherwise  obtainable. 


CHAPTER  III 

PEIME  COST  KEEPING 

Advantages. — It  is  seldom  that  work  of  the  description  dealt  with  in 
this  article  is  undertaken  without  an  estimate  of  the  cost  having  been 
presented,  in  competition  or  otherwise.  Although  there  are  many  factors 
to  which  the  large  variations  in  the  tenders  for  a  certain  work  may  be 
attributed,  a  defective  system  of  prime  cost  keeping  may  without  doubt  be 
claimed  as  one  of  them.  In  any  case,  a  defective  prime  cost  system  is  to 
the  disadvantage  of  the  engineer,  as  he  may  either  price  his  work  upon  too 
high  a  basis,  and  as  a  consequence  be  unsuccessful  in  tendering,  or  upon 
the  other  hand  he  may  price  it  too  low  and  the  work  may  prove  unprofit- 
able, with  the  result  that  he  finds  his  financial  resources  seriously  impaired. 
Too  much  care  cannot  be  given  to  this  department  of  the  business,  so  that 
the  actual  cost  of  every  article  or  section  of  the  work  may  be  given. 

All  work  undertaken  ought,  where  practicable,  to  be  divided  into 
sections,  and  the  cost  of  material  and  labour  to  be  expended  upon  each 
section  should  be  fixed  to  conform  with  the  prices  allowed  when  estimating. 
It  is  most  important  that  arrangements  should  be  made  in  the  execution  of 
the  work  to  ensure  that  these  prices  are  not  exceeded  either  in  labour  or 
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material.  It  is  possible  to  ensure  this  with  a  carefully  planned  system 
thoroughly  carried  out.  Such  a  system  is  of  the  greatest  use  in  keeping 
the  cost  down  to  the  lowest  basis,  and  in  furnishing  accurate  data  for 
compiling  future  estimates. 

The  value  of  material  for  each  section  of  the  work  having  been  ascer- 
tained from  the  estimate,  care  is  required  in  issuing  orders  to  stores  and 
other  channels  to  ensure  that  only  the  quantities  allowed  for  are  issued  for 
the  work.  Particular  attention  should  be  paid  to  the  rettirn  of  any  surplus 
stores  or  waste,  for  which  credit  should  be  given  by  the  storekeeper  in 
the  stores  inward  delivery  book.  As  the  materials  used  consist  principally 
of  metals,  the  prices  of  which  fluctuate  considerably/  a  close  surveillance 
should  be  kept  on  the  current  mai-ket  prices  in  order  to  obtain  the  utmost 
advantage  in  purchasing  when  prices  are  favourable.  Great  advantage  is 
obtained  by  keeping  the  cost  of  different  classes  of  material  under  separate 
heads,  as  this  facilitates  analysis  and  comparison  with  estimated  costs. 

For  keeping  the  prime  cost  of  materials  for  work  in  hand,  there  is 
no  better  method  than  the  card  system,  which  is  adaptable  to  meet  any 
requirements.    The  Materials  Cost  Card  should  be  ruled  on  both  sides, 

MATERIALS  COST  CARD 


Credit. 

Date. 

Cwt. 

Qr. 

Lb. 

Oz. 

Rate. 

£ 

s. 

D. 

£ 

s. 

D. 

the  work  number  and  description  of  the  job  being  distinctly  written  in 
the  space  provided  at  the  head.  The  stores  outward  sheets  are  abstracted, 
entered  upon  the  cards,  and  priced  net  in  the  extension  or  cash  columns, 
and  any  credits  from  the  stores  inward  sheets  are  similarly  dealt  wuth. 
Sliould  the  job  be  away  from  the  works  and  the  material  be  forwarded 
direct  fi'om  the  manufacturers,  it  would  be  entered  upon  the  same  card 
from  the  invoice,  the  card  number  being  entered  in  the  space  provided 
for  appropriation  in  each  casa  In  the  event  of  the  space  on  the  obverse 
of  the  card  being  insufficient,  a  total  is  made  and  carried  forward  to  the 
reverse,  and  if  further  space  is  required,  another  card  is  attached  to  the 
first  with  a  suitable  clip.  Immediately  the  job  is  completed,  and  the 
card  or  cards  totalled,  they  are  transferred  to  the  file  drawer  for  com- 
pleted jobs.     It  is  obvious  that  these  cards  record  the  net  cost  of  the 

■  For  charts  showing  the  yearly  and  monthly  fluctuations  in  the  prices  of  tin,  cojiper,  zinc,  and  lead, 
see  Plates  XLVII  and  XL VIII. 
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whole  of  the  material  utilized  upon  the  particular  job  to  which  the  cards 
refer. 

Wages. — Where  a  number  of  hands  are  employed,  the  question  of  wages 
is  one  of  the  most  important,  if  not  the  most  important  item,  involving  a 
large  amount  of  clerical  work  which  requires  to  be  executed  with  prompt- 
ness, precision,  and  accuracy.  Not  only  is  it  necessary  that  the  employees 
should  be  paid  punctually,  but  the  cost  of  labour  on  any  work  should  be 
available  immediately  the  work  is  completed,  or,  if  the  work  is  incomplete, 
to  the  end  of  the  previous  day. 

One  of  the  best  systems  to  attain  this  end  is  provided  by  the  use  of 
daily  time  sheets.    In  the  case  of  men  employed  within  the  works,  these 


DAILY  TIME  SHEET 


Wotdc 
No. 

Particulars  of  Job. 

Time 
Started 
on  Job 
To-day. 

Time 
Left  Off. 

Job 
Finished 
or  not. 

Total  Hours 

(not  to 
be  filled  up). 

Signature. 

Checked  by  Foreman. 

are  issued  by  the  timekeeper  each  morning,  and  are  returned  to  him  com- 
pleted by  the  employees  as  they  leave  the  works  at  the  end  of  the  day, 
each  sheet  having  been  checked  and  initialled  by  the  foreman.  After 
verifying  the  times  booked  and  the  total  number  of  hours  on  the  sheet, 
the  timekeeper  would  hand  the  sheets  into  the  office  to  be  dealt  with  by 
the  time  cost  clerk.  In  the  case  of  men  employed  outside  the  works,  the 
daily  time  sheets  would  be  handed  to  the  men  by  the  foreman,  who  w^ould 
also  return  them  to  the  office  by  post  each  day  after  checking  and  initialling 
them. 

The  time  would  next  be  entered  from  the  daily  time  sheets  to  the 
weekly  wages  sheets,  one  of  these  being  allocated  to  each  man,  his  name, 
number,  and  rate  being  inserted  in  spaces  provided  at  the  head.  The 
wages  sheet,  on  which  would  be  booked  each  day  the  full  record  of  the 
previous  day's  work,  would  give  particulars  of  the  work  upon  which  the 
man  was  engaged,  and  also  the  number  of  hours.  With  the  ruling  shown 
above,  column  1  would  be  utilized  for  the  work  number,  colunm  2  for  a 
brief  description  of  the  work,  six  columns  for  the  number  of  hours  engaged 
upon  the  work  (one  column  being  for  each  day  of  the  week),  another 
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WEEKLY  WAGES  SHEET 


Work 
No. 

Description. 

Fri. 

Sat. 

Mon. 

Tues. 

Wed. 

Thurs. 

Total 
Hours. 

£ 

s. 

D. 

Week 
Ending. 

coliamn  for  the  total  number  of  hours  engaged  that  week  upon  each  job, 
cash  columns  for  the  amount  of  wages  due,  and  a  column  for  the  date 
of  the  last  day  of  the  week  to  which  the  wages  are  made  up.  Each 
entry  would  be  made  from  the  daily  time  sheet,  one  line  being  allotted 
to  each  job,  so  that  if  the  employee  was  engaged  several  days  upon  one 
job,  his  labour  for  those  days  would  be  entered  upon  one  line  and  in  the 
columns  set  out  for  those  pai'ticular  days.  Any  number  of  jobs  could  then 
be  booked  in  one  week,  each  showing  a  separate  weekly  total  in  the  column 
provided. 

To  obtain  the  prime  cost  of  labour  expended  upon  each  particular  job,  it 
is  necessary  to  abstract  the  weekly  wages  sheets  of  all  the  men  employed 
upon  the  job.  The  card  system  is  one  of  the  best  means  of  effecting  this 
purpose.  The  Time  Cost  Card  should  be  of  a  different  colour  from  the 
Materials  Cost  Card,  and  should  be  ruled  as  shown,  obverse  and  reverse. 


TIME  COST  CARD 


Work  No  

Date   

Date  

Date  

Date  

No. 

Name. 

Hours. 

£ 

s. 

D. 

Hours. 

£ 

S. 

D. 

Hours. 

£ 

s. 

D. 

Hours. 

£ 

s. 

D. 

the  number  and  description  of  the  job  being  distinctly  written  in  the  space 
provided  at  the  head.    The  entries  should  be  transferred  from  the  weekly 
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wages  sheets,  the  number  and  name  of  each  employee  engaged  upon  the 
job  to  which  the  card  refers  being  entered  in  the  first  two  columns,  the 
total  number  of  hours  engaged  in  the  third  column,  and  the  total  cost 
of  the  labour  in  the  first  cash  columns.  After  the  whole  of  the  entries 
on  the  weekly  wages  sheets  have  been  transferred  to  the  time  cost  cards, 
the  hours  and  cash  columns  should  be  totalled.  The  totals  comprise  the 
number  of  hours  of  direct  labour  and  wages  expended  upon  the  job  during 
the  previous  week. 

In  the  remaining  columns  should  be  entered  the  time  and  wages 
expended  during  the  following  weeks  upon  the  same  job.  Four  sets  of 
time  and  cash  columns  on  the  obverse  of  the  card  will  usually  be  suffi- 
cient. If  the  job  should  occupy  a  longer  period,  the  reverse  of  the  card 
would  be  utilized  for  the  following  four  weeks,  the  total  being  brought 
forward  from  the  obverse  to  the  reverse.  If  necessarj^,  additional  cards 
can  be  attached  to  the  first  with  a  suitable  clip. 

Immediately  the  job  is  completed,  and  the  card  or  cards  totalled,  they 
are  transferred  to  the  file  drawer  for  completed  cards,  and  attached  to  the 
materials  cost  card  or  cards  bearing  the  same  number,  thus  completing  an 
accurate  record  of  the  actual  expenditure  in  material  and  direct  labour  for 
that  particular  job. 

Having  obtained  the  direct  costs  chargeable  to  the  work  carried  out,  it 
is  necessary  to  obtain  the  indirect  costs.  For  this  purpose,  and  in  order  to 
arrive  at  the  actual  prime  cost,  a  careful  analysis  of  the  indirect  costs 
should  be  made,  and  the  work  carried  out  by  each  department  should  be 
charged  with  that  proportion  of  the  indirect  costs  known  as  Deimrtmcntal 
Expenses,  which  that  department  incurs,  in  addition  to  its  proportion  of 
the  general  expenses.  The  necessity  for  this  will  be  seen  if  the  matter  is 
considered  for  a  moment.  In  the  case  of  work  carried  on  in  the  workshops, 
using  power,  light,  and  possibly  more  expensive  tools  and  machines  than 
would  be  required  for  work  undertaken  outside  the  works,  the  former 
would  require  to  be  charged  with  considerably  more  indirect  costs  than  the 
latter. 

To  obtain  the  fair  proportion  chargeable  to  each  department,  the 
different  items  of  indirect  expenditure  should  be  considered  separately, 
such  as — 

1.  Rent,  rates,  and  taxes. 

2.  Lighting. 

3.  Powei'. 

4.  Depreciation  (stock  and  machinery). 

5.  Interest  on  capital. 

6.  Insurance  (tire  and  workmen's  compensation). 

7.  Show-room  attendant,  storekeepers,  stores,  &c. 

8.  General  expenses,  such  as  office  or  staff"  salaries,  timekeeper,  cartage,, 
stationery,  telephone,  petty  cash,  repairs  to  buildings,  &c. 

9.  Foreman's  wages,  non-productive  labour  in  workshops. 

Stores  and  Offices. — In  computing  the  expenses  incurred  by  the  stores 
under  heading  7,  and  by  the  office  under  heading  8,  it  is  necessary  to 
chai'ge  each  with  a  proportionate  amount  of  the  rent,  rates,  taxes,  lighting. 
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depreciation,  interest  on  capital,  and  insurance,  the  totals  obtained  being 
afterwards  charged  to  the  pi-oductive  departments. 

To  compute  the  amount  of  departmental  expenses  —  viz.,  foreman's 
wages  and  indirect  labour  chargeable  in  the  workshops — it  will  be 
necessary  to  abstract  and  separate  the  direct  and  indirect  time  and  wages 
from  the  weekly  wages  sheets  of  the  employees  in  that  department.  A 
special  sheet  is  usually  provided  for  this  purpose,  ruled  as  shown.  The 
employee's  name,  and  the  number  of  hours  engaged  upon,  and  the  amount 
of  wages  paid  for,  labour  which  is  directly  chargeable  to  jobs,  would  be 
entered  upon  one  side  of  the  special  sheet.  The  name,  and  the  number  of 
hours  engaged  upon,  and  the  amount  of  wages  paid  for,  labour  which  is 


SHEET  FOR  PRODUCTIVE  AND  INDIRECT  LABOUR 


P 

roductive. 

Indirect. 

No. 

Name. 

Hours. 

£ 

s. 

n. 

Hours. 

£ 

s. 

D. 

chargeable  to  indirect  labour,  supervision,  &c.,  would  be  entered  upon  the 
other  side.  These  columns  would  be  totalled,  the  totals  representing  the 
actual  number  of  hours  employed  in  direct  labour  which  have  already  been 
entered  upon  the  time  cost  cards  to  their  respective  jobs,  and  the  total 
amount  paid  for  the  indirect  labour  incurred  which  has  not  been  so 
charged. 

To  ascertain  the  proportion  of  indirect  labour  chargeable  to  each  job, 
the  total  amount  of  indirect  labour  should  be  divided  by  the  total 
number  of  hours  for  labour  directly  chargeable.  This  will  give  the 
hourly  unit  of  expense  for  indirect  labour  chargeable  to  every  hour  of 
direct  labour  booked  during  the  weekly  period  taken.  For  example,  if 
the  aggregate  of  the  weekly  expenditure  for  productive  labour  amounted 
to  500  hours,  and  the  indirect  labour  for  the  same  period  amounted  to 
£2,  l.s.  8d.,  the  unit  would  be  Id.  per  hour,  and  this  amount  would  be 
added  to  each  productive  hour  booked  upon  the  time  cost  cards. 

In  the  factory  taken  as  an  example  in  this  article,  the  productive 
departments  would  be  as  follows: — A,  Show  Room;  B,  Workshops;  and  C, 
Outside  Work.  The  sales  and  work  undertaken  by  these  depnrtments 
will  be  required  to  bear  the  amount  of  the  indirect  expenditure  arranged 
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under  the  sub-heads  1  to  9  (p.  351),  the  amount  under  each  sub- head 
being  charged  wholly  or  in  part  to  each  department. 

The  proportion  of  the  general  expenses  chargeable  to  the  different 
productive  departments  varies,  of  course,  in  different  businesses.  In  the 
case  of  Department  A,  it  would  be  charged  as  a  percentage  value  calcu- 
lated upon  the  net  cost  of  the  goods  sold  for  the  year.  In  the  case  of 
Department  B,  it  would  be  necessary  to  reduce  the  chargeable  amount  to 
the  hour  units,  as  in  the  case  of  indirect  labour.  In  the  case  of  Depart- 
ment C,  the  chargeable  amount  would  be  reduced  to  a  percentage  value 
calculated  upon  the  net  cost  of  the  labour  and  material  utilized  throughout 
the  year. 

The  indirect  cost  values  for  each  department  having  thus  been  obtained, 
it  is  only  necessary  to  add  them  to  the  prime  costs  of  material,  or  of  labour 
and  material,  as  the  case  may  be,  and  the  result  will  be  figures  representing 
the  prime  cost  of  the  article  or  work  undertaken. 

Where  heavy  or  expensive  machines  are  employed  for  certain  work, 
it  will  be  necessary  to  make  special  allowances  in  pricing  to  cover  the 
extraordinary  expenses  incurred. 


CHAPTER  IV 

THE  OFFICE 

In  no  department  of  a  works  is  it  more  necessary  to  have  a  properly 
organized  system  than  in  the  office,  as  this  is  the  centre  from  which  all  the 
other  departments  are  directed,  and  should  it  be  defective,  the  efficiency 
of  the  departments  depending  upon  it  will  be  greatly  impaired.  Not  only 
has  the  conduct  of  the  departments  inside  the  works  to  be  controlled  by 
the  office,  but  also  the  commercial  section,  relating  to  all  extraneous 
negotiations. 

It  is  necessarj^  in  the  conduct  of  any  business  to  record  in  writing  all 
transactions  that  take  place,  and  arrangements  must  be  made  to  enable  the 
documents  of  various  kinds  to  be  dealt  with  promptly,  applied  to  their 
particular  purpose,  and  stored  in  such  a  manner  as  to  facilitate  easy  refer- 
ence. To  effect  this  purpose  economically,  up-to-date  offices  are  provided 
with  systems  of  books  and  files  in  addition  to  the  usual  furniture.  Of  late 
years  filing  cabinets  and  card  systems  have  been  introduced,  and  are  now 
considered  indispensable.  Besides  these  it  is  necessary  to  provide  machines 
for  writing,  copying,  and  calculating,  which  are  too  well  known  to  require 
description. 

Filing  cabinets,  of  which  there  are  several  designs,  are  arranged  to  file 
documents,  such  as  correspondence,  invoices,  orders,  &c.,  in  such  a  manner 
as  to  be  easy  of  reference.  The  systems  most  generally  adopted  ai"e  what 
are  known  as  flat  and  vertical  filing,  the  former  being  considered  prefer- 
able where  the  majority  of  the  documents  to  be  filed  consist  of  single 
papers,  and  the  latter  where  many  documents  referring  one  to  another  are 
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filed  together.  The  cabinets  usually  comprise  one  or  more  files  or  drawers^ 
as  the  case  may  be,  each  file  being  subdivided  either  alphabetically, 
numerically,  or  to  meet  specific  requirements.  Cabinet  filing  systems  are 
of  the  greatest  use  in  filing  correspondence,  invoices,  and  other  documents 


Fig.  1065.— Card  Index  Cabinet  Fig.  1066.— Drawer  of  Card  Inde.x  Cabinet 


The  card  index  file  (fig.  1065)  consists  of  a  cabinet  containing  one  or 
more  drawers  (fig.  1066),  each  of  which  is  furnished  with  a  number  of  cards, 

specially  ruled  for  the  purpose  for  which 
they  are  to  be  utilized.  Guide  cards 
alphabetically  or  numerically  labelled 
are  placed  between  the  other  cards  to 
facilitate  the  location  and  withdrawal  of 
any  particular  card.  The  card  system 
has  been  mentioned  as  being  specially 
suitable  for  keeping  the  prime  costs  of 
material,  labour,  and  stock. 

In  the  flat  filing-  system  (fig.  1067) 
the  number  of  files  (fig.  1068)  required  in 
the  cabinet  will  depend  upon  the  number 
of  documents  to  be  dealt  with  daily, 
and  should  be  about  thirty  where  sixty 
papers  per  diem  have  to  be  filed.  The 


1067.— Flat  Filing  Cabinet 


Fig.  1068.— Drawer  of  Flat  Filing  Cabinet 


number  of  files  apportioned  to  each  particular  series  of  documents,  which 
may  be  either  the  series  of  correspondence,  invoices,  orders,  or  petty  cash 
receipts,  &c.,  must  be  proportionate  to  the  number  of  each  of  these  papers 
received  daily. 


THE  OFFICE 


355 


A  single  file  (fig.  1068)  consists  of  a  tray  fitted  with  a  removable  thumb 
index,  which  is  generally  alphabetically  arranged  either  in  the  simple 
alphabet  or  in  combinations  of  letters,  and  can  be  obtained,  prepared  from 
most  careful  investigation  by  the  makers,  to  meet  practically  any  require- 
ments. The  documents  to  be  filed  are  placed  between  the  leaves  of  the 
index,  without  fixing  in  any  way,  the  first  letter  or  combination  of  letters 
of  the  name  of  the  firm  from  whom  the  document  was  received  correspond- 
ing with  the  letter  or  letters  of  the  index.  If  two  or  more  files  are  neces- 
sary to  contain  the  documents,  the  index  would  be  amplified  and  run 
through  the  series,  commencing  at  the  letter  A  in  the  first  file,  and  finishing 
at  the  letter  Z  in  the  last.  The  contents  of  each  tile  and  the  section  of  the 
index  should  be  legibly  recorded  on  the  front  of  each  file,  as,  for  example: — 

ESTIMATES 
G— K  er 


The  vertical  filing  cabinet  (fig.  1069)  contains  one  or  more  drawers 
of  sufficient  width  and  depth  to  take  the  documents  required  to  be  filed 
without  folding.  For  the  purpose 
of  general  business  correspondence, 
invoices,  orders,  &c.,  drawers  taking 
foolscap  papers  are  suitable.  In  the 
cabinets  of  standard  size,  sufiieient 
space  is  provided  in  each  drawer  for 
filing  about  5000  papers.  Each  drawer 
is  provided  with  folders  or  covers,  in 
which  the  documents  are  placed,  each 
correspondent  being  allotted  a  number 
upon  the  first  transaction,  and  all 


future    correspondence    being  con- 


Fig  1069.— Vertical  Filing  Cabinet 


ducted  under  this  reference  number. 
A  folder  under  the  same  number 
would  be  allotted  in  the  drawer  to 
the  correspondent,  and  in  this  folder 
all  his  documents  would  be  placed. 

In  a  case  where  an  undertaking  is  being  carried  out  in  which  much 
correspondence  is  likely  to  arise,  possibly  with  various  firms,  and  it  is 
desirable  to  bring  it  all  together,  this  particular  work  would  be  allotted 
a  number  and  folder,  and  all  correspondence  in  connection  with  that  work 
would  be  conducted  under  that  number  and  consequently  filed  in  the  one 
folder.  It  is  sometimes  convenient  to  subdivide  the  correspondence  in  con- 
nection with  a  job  into  sections,  either  to  particular  firms  or  to  parts  of  the 
work,  so  that  the  whole  of  the  correspondence  relating  to  a  particular  part 
or  firm  is  available  for  immediate  reference.  This  is  provided  for  by  having 
several  folders  under  the  one  number;  each  folder,  in  addition  to  bearing 
the  general  reference  number,  would  bear  the  name  of  the  firm  or  section 
of  the  work,  as  the  case  may  be. 

It  is  necessary  to  provide  an  alphabetical  index  to  the  folders,  arranged 
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under  the  card  system  (fig.  1065),  to  facilitate  reference  to  the  number 
under  which  the  documents  relating  to  the  firm  or  work  are  filed.  In 
some  instances  it  may  be  more  suitable  to  the  requirements  to  utilize 
the  alphabetical  in  preference  to  the  numerical  index  upon  the  folders. 

It  will  be  found  advantageous  to  attach  the  carbon  or  press  copies  of 
replies  to  coi'respondence,  and  file  them  with  the  letters  or  subject  matters 
to  which  they  refer,  so  that  a  consecutive  record  of  the  transaction  is  con- 
tained in  one  folder.  Telephone  messages  should  be  written  on  special 
slips  with  the  date  and  hour  of  receipt  inserted,  and  should  be  filed  with 


Fig.  1070.— Standard  Drafting  Table  Fig.  1071.— Electric  Photo-copying  Machine 


Next  to  the  manager's  office,  the  drawing  office  may  be  considered  the 
most  important  department  in  a  works.  The  furniture  usually  consists  of 
a  drawing  table,  cabinet  to  contain  drawings,  apparatus  for  producing 
black  on  white,  and  blue,  prints,  and  the  larger  instruments  which  are  not 
provided  by  the  draughtsman. 

Halden  &  Co.'s  Standard  drafting  table  (fig.  1070)  is  a  great  improvement 
upon  the  ordinary  table  or  desk,  as  it  is  adjustable  in  height,  and  can  be 
readily  set  to  any  angle  required  by  a  draughtsman. 

An  electric  photo-copying  machine  (fig.  1071),  from  which  photo  prints 
in  blue,  or  black  on  white,  can  be  obtained  in  a  very  short  time,  occupies 
little  space,  and  is  made  in  several  sizes,  suitable  to  the  requirements  of 
almost  any  drawing  office. 
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1072. —The  Simplon  Adjustable  Set  Square 


An  adjustable  set  square,  the  Simplon  (fig.  1072),  is  a  very  useful 
instrument,  enabling  angular  lines  to  be  quickly  made  without  tilting 
the  T-square. 

The  rotary  calculator  known  as  "  The  Calculex  "  (fig.  1073)  is  a  combina- 
tion of  tlie  slide  rule  and  pocket 
calculator,  and  embodies  all  the 
advantages  of  the  slide  rule, 
giving  great  accuracy  and  con- 
tinuous readings,  and  is  con- 
venient to  carry  in  the  pocket. 

The  work  of  the  drawing  office 
may  be  divided  into  two  sec- 
tions, the  first  being  the  pre- 
paration of  the  designs  and  of 
the  quantities  for  estimating, 
and  the  second  the  preparation 
of  the  working  drawings,  and 
of  full  lists  of  materials  required 
to  enable  the  other  departments 
to  execute  the  work.  The  manager  ought  to  give  definite  instructions 
in  writing  to  the  chief  draughtsman  relative  to  the  work  required,  and 
it  is  of  vital  importance  that  the  working  drawings  should  give  full  and 
exact  details  of  the  work  required  of  the  different  departments,  so  that 
it  will  not  be  necessary  for 
the  foreman  to  have  further 
reference  to  the  management 
after  receiving  the  material 
and  drawings. 

All  drawings  should  be 
numbered,  and  a  full  record 
of  them  should  be  kept  in  a 
book  provided  for  that  pur- 
pose in  the  drawing  office, 
so  that  they  can  be  eaisily 
referred  to  in  the  case  of 
repeat  orders,  alterations,  or 
repairs. 

Subdivision  of  Work. — To 
facilitate  cost -keeping,  and 
in  order  to  carry  out  work 
expeditiously,  it  is  necessary 
to  divide  it  into  sections,  each 
section  as  far  as  possible  to 
be  a  completed  part  of  the 
whole.  To  arrive  at  this  end,  each  section  is  given  a  work  number,  by 
which  it  is  distinguished  in  every  department,  and  all  departmental  refei*- 
ence  to  each  of  the  sections  should  be  made  under  the  work  number.  The 
work  numbers  are  applied  to  the  different  sections  of  work  in  the  drawing 
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office,  and  are  entered  by  the  draughtsmen  upon  the  detail  drawings,  and 
also  upon  the  orders  to  the  foremen  and  storekeeper,  who  should  see  that 
all  time  and  material  expended  on  those  sections  are  entered  to  their 
respective  work  numbers  upon  the  daily  time  sheets  and  stores  outward 
delivery  sheets.  The  numbers  are  entered  in  rotation  in  a  work  number 
book  kept  specially  for  the  purpose,  from  which  thej^  are  entered  by  the 
prime  cost  clerk  upon  the  time  cost  cards  and  material  cost  cards. 

The  lists  of  materials  required  for  each  section  of  the  work  having  been 
prepared  in  the  drawing  office,  a  copy  should  be  issued  to  each  department 
engaged  upon  the  section,  so  that  each  department  may  know  the  material 
that  is  in  hand  for  that  section.  The  office  copy  should  be  compared  with 
the  stock  cards,  and  all  goods  which  cannot  be  supplied  from  stock  should 
be  ordered,  the  number  of  the  order  being  recorded  upon  the  office  and 
storekeeper's  lists. 

Wlien  the  storekeeper  has  received  the  goods  to  make  the  list  complete 
for  the  section,  he  notifies  the  foremen  of  the  departments  concerned,  and 
also  the  office.  It  would  be  for  the  foremen  to  arrange  for  the  work  to  be 
put  in  hand  and  carried  out  with  the  utmost  economy  and  expedition. 

Before  commencing  a  job,  all  the  material  for  each  section  of  the  work 
should  be  ready  to  be  dealt  with,  as  a  great  waste  of  money  is  always 
incurred  when  the  work  cannot  be  proceeded  with  in  a  sti'aightforward 
and  systematic  manner,  through  materials  not  being  to  hand  when  required. 

Timekeeper. — One  of  the  greatest  aids  to  discipline  in  a  workshop  is  to 
have  an  efficient  system  of  time-checking.  This  is  now  often  effected  by 
various  mechanical  devices  connected  with  clock  movements,  but  these  have 
not  yet  arrived  at  that  state  of  perfection  to  make  a  timekeeper  unneces- 
sary. A  clock  w^hich  automatically  registers  (by  checks  or  other  means) 
the  times  at  which  each  employee  enters  and  leaves  the  works,  is  a  great 
assistance  to  the  timekeeper,  and  whilst  effecting  the  purpose  for  which  it 
is  installed,  it  prevents  disputes. 

The  timekeeper  should  prepare  daily  a  sheet  recording  the  times  of 
entry,  exit,  and  total  time  for  the  day  of  each  employee,  for  the  use  of  the 
clerk  checking  the  daily  time  sheets.  The  timekeeper  should  also  prepare 
a  weekly  record  sheet  showing  the  time  lost  by  each  employee,  so  that 
those  losing  time  habitually  may  be  dealt  with  as  ma,y  be  necessary. 
Unpunctuality  may  mean  considerable  loss  to  an  employer  if  it  is  not 
kept  to  the  smallest  possible  limits,  as  the  productive  hours  are  reduced 
without  a  corresponding  reduction  in  the  indirect  expenses. 

Charts. — Of  the  many  means  devised  for  bringing  to  the  notice  of  the 
officers  directing  a  business,  the  rise  and  fall  of  the  different  factors  operat- 
ing towards  its  success  or  otherwise,  none  perhaps  better  fulfils  the  purpose 
than  a  system  of  graphic  charts.  A  curve  can  be  plotted  in  chart  form  to 
illustrate  the  fluctuations  which  occur  in  almost  any  particular,  whether  it 
be  the  rise  and  fall  of  the  prices  of  materials,^  the  value  of  the  orders 
received  and  of  the  sales  made,  and  the  amount  of  the  departmental  ex- 
penses, or  the  relation  which  these  bear  one  to  another,  as  shown  in  No.  1, 
Plate  XLV. 

'  See  Plates  XLVII  and  XLVIII  for  fluctuations  in  tlie  prices  of  tin,  copper,  zinc,  and  lead. 
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Care  must  be  taken  that  the  expenditure  in  indirect  labour  does  not 
increase  or  remain  constant  when  the  productive  labour  is  declining.  To 
check  the  indirect  expenditure,  a  chart  on  the  lines  of  that  shown  in  No.  2, 
Plate  XLV,  should  be  prepared  from  the  totals  abstracted  to  compute 
departmental  expenses. 

The  graphic  chart  is  specially  useful  in  recording  weekly,  by  progres- 
sive totals,  the  expenditures  incurred  in  materials  and  labour  upon  the 
works  in  hand,  and  the  relation  they  bear  to  the  total  expenditure 
provided  for  in  the  original  estimates.  Plate  XLVI  shows  a  chart  of  this 
kind.  It  is  assumed  that  separate  estimates  have  been  prepared  for  the 
materials  and  the  labour  in  each  case,  and  these  estimates  are  marked  by 
blue  lines  on  the  chart.  The  expenditure  is  then  coloured  on  the  chart 
week  by  week,  orange  being  used  for  the  first  week,  red  for  the  second, 
blue  for  the  third,  and  black  for  the  fourth.  Any  other  range  of  colours 
can  of  course  be  used.  In  the  example  given,  job  No.  560  has  been  in 
progress  for  four  weeks,  and  expenditure  has  been  incun-ed  each  week 
both  for  materials  and  labour.  Job  No.  584  has  been  in  progress  for  three 
weeks,  the  expenditure  for  the  first  week  having  been  for  materials  only. 
For  job  No.  590  all  the  materials  were  sent  the  first  week,  but  the  expendi- 
ture for  labour  was  spread  over  two  weeks.  In  many  cases  the  work  may 
go  on  for  months,  and  it  is  in  such  cases  that  a  chart  of  this  kind  is  of  the 
greatest  use. 

Good  organization  evolves  a  system  so  arranged  that  all  details  are 
anticipated,  and  that  none  shall  escape  attention,  as  a  very  small  matter 
not  provided  for  at  the  proper  moment  may,  at  some  later  period,  entail  a 
cost  out  of  all  proportion  to  its  own  value.  As  far  as  the  means  of  the 
business  will  permit,  it  is  profitable  to  introduce  progressive  measures,  not 
only  to  improve  the  general  organization  and  equipment  of  the  works,  but 
also  for  the  health  and  comfort  of  the  employees.  By  these  means  the 
employer  can  obtain  and  retain  the  services  of  high-class  mechanics,  from 
whom  only  the  best  results  of  production  are  obtainable,  and  will  also  save 
himself  from  many  worries  and  losses. 


APPENDICES 


I.  WATER  SUPPLY 

II.  TRADE  LISTS  OF  METAL  SHEETS,  TUBES,  ETC. 
HI.  TABLES  AND  MENSURATION 
IV.  TEMPERATURE 


APPET^DIX  I-WATER  SUPPLY 


Table  for  Convertino  Feet  Head  of  Water  into  Pressure 
PKK  Square  Inch 


Feet 
Head. 

Pounds  per 
Square  Inch. 

Feet 
Head. 

Pounds  per 
Square  Inch. 

Feet 
Head. 

Pounds  per 
Square  Inch. 

Feet 
Head. 

Pounds  per 
Square  Inch. 

1 

•43 

8 

3-40 

35 

15-16 

70 

30-32 

0 

•87 

9 

3-90 

40 

17^32 

75 

32-48 

3 

1-30 

10 

4^33 

45 

19-49 

80 

34-65 

4 

\-73 

15 

6  •SO 

50 

21-65 

85 

36-81 

5 

2-17 

20 

8-66 

55 

23-82 

90 

38-98 

6 

2-60 

25 

10^83 

60 

25-99 

95 

41-14 

7 

3^03 

30 

12^99 

65 

28-15 

100 

43-31 

Table  for  Converting  Pressure  per  Square  Inch 
into  Feet  Head  of  Water 


Pounds 

per 
Sq.  In. 

Feet  Head. 

Pounds 

per 
Sq.  In. 

Feet  Head. 

Pounds 

per 
Sq.  In. 

Feet  Head. 

Pounds 

per 
Sq.  In. 

Feet  Head. 

1 

2-31 

8 

18^47 

35 

80-81 

70 

161-63 

2 

4-62 

9 

20-78 

40 

92-36 

75 

173-17 

3 

6-93 

10 

23-09 

45 

103-90 

80 

184-72 

4 

9-24 

15 

34-63 

50 

115-45 

85 

196-26 

5 

11-54 

20 

46-18 

55 

126-99 

90 

207-81 

6 

13-85 

25 

57-72 

60 

138-54 

95 

219-35 

7 

16^16 

30 

69-27 

65 

150-08 

100 

230-90 

Barometric  Pressures  at  different  Altitudes  with  Equivalent 
Head  of  Water  and  the  Vertical  Suction  Lift  of  Pumps 


Altitude  in  Feet,  &c. 

Barometric  Pres- 
sure in  Pounds 
per  Square  Inch. 

Equivalent  Head 
of  Water  in  Feet. 

Practical  Suction 
Lift  of  Pumps 
in  Feet. 

Sea  level 

14-70 

33-95 

25 

1320  (1  mile) 

1402 

32-38 

24 

2640  (1  mile) 

13-33 

30-79 

23 

3960  (1  mile) 

12-66 

29-24 

21 

5280  (1  mile) 

12-02 

27-76 

20 

364 
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Table  showing  the  Velocity  in  Feet  per  Second  and  the 
Supply  in  Gallons  per  Minute  for  Pipes  flowing  full 


Calculated  by  Neville's  Fokmula' — v  =  140  VrS  -  11  v^RS 


Pipes 

Head  of  Water  divided  by  Length  of  Pipe. 

tttVtt 

TFT!- 

1 

1 

r 

Dianiet( 

Velocity 
in  Feet 

per 
Second. 

Supply 

in 
Gallons 

per 
Minute. 

Velocity 
in  B'eet 

per 
Second. 

Supply 
in 

Gallons 

per 
Minute. 

Velocity 
in  Feet 

per 
Second. 

Supply 
in 

Gallons 

per 
Minute. 

Velocity 
in  Feet 

per 
Second. 

Supply 
in 

Gallons 

per 
Minute. 

Velocity 
in  Feet 

per 
Second. 

Supply 
in 

Gallons 

per 
Minute. 

3 

8 

•173 

•05 

•770 

•22 

2-90 

•83 

7-02 

2-01 

10-19 

2-92 

1 

2 

•212 

•11 

•911 

•46 

3-40 

1-36 

8-20 

4-18 

11-89 

6-06 

•278 

•32 

1-16 

4-26 

4-89 

10-19 

11-69 

14-75 

16-92 

1 

•336 

•69 

1^37 

2-79 

4-99 

10-17 

11-89 

24-25 

17-18 

35-04 

U 

•388 

1^24 

1-56 

4^96 

5-63 

17-95 

13-39 

42-67 

19-33 

61-61 

n 

•436 

2^00 

1-73 

7-93 

6-22 

28-54 

14-75 

67-70 

21-28 

97-68 

^¥ 

•481 

3^00 

1-89 

11-79 

6-76 

42-23 

16-01 

99-99 

23-08 

144-20 

2 

•522 

4^26 

2-04 

16-61 

7-27 

59-29 

17-18 

140^18 

24-76 

202-05 

3 

•670 

12-30 

2-56 

46-99 

9-04 

165-99 

21-28 

390-73 

30^63 

562-22 

4 

•798 

26-03 

3-01 

98-60 

10-55 

344-32 

24-76 

808-21 

35-60 

1162-0 

5 

■911 

46-48 

3-40 

173-70 

11-89 

606-13 

27-84 

1419-8 

40-01 

2040-2 

6 

1-02 

74-64 

3-76 

277-10 

13-10 

959-72 

30-63 

2248-9 

44-00 

3230^8 

R  =  the  hydraulic  radius  or  mean  depth  in  feet 

Sectional  area       .      .      diameter  d 

=   :   =  in  pipes  —  — 

perimeter  4  4 

S  =  the  sine  of  the  inclination  of  the  pipe 

total  fail  H 

or    =  — 

total  length  L 


Theoretical  Velocity  due  to  DiFFEitKNT  Heads  of  Water 


H  =  Head  of  Water  in  feet.  v   =  Velocity_in  feet  per  minute. 

V  =  Velocity  in  feet  per  second.  V  =  8-025  VH.  v  =  48-2  Vh. 


H 

V 

V 

H 

V 

H 

V 

V 

1 

8-0 

482 

15 

31 

1866 

65 

65 

3886 

2 

11-3 

681 

16 

32 

1928 

70 

67 

4032 

3 

13-9 

835 

17 

33 

1987 

75 

69 

4174 

4 

16-0 

964 

18 

34 

2056 

80 

72 

4311 

5 

18-0 

1078 

19 

35 

2100 

85 

74 

4443 

6 

19-7 

1180 

20 

36 

2155 

90 

76 

4573 

7 

21-0 

1275 

25 

4!0 

2410 

95 

78 

4698 

8 

23-0 

1363 

30 

44 

2640 

100 

80 

4820 

9 

24-0 

1446 

35 

47 

2851 

125 

90 

5389 

10 

25-0 

1524 

40 

51 

3048 

150 

98 

5903 

11 

20-5 

1598 

45 

54 

3233 

200 

113 

6816 

12 

28-0 

1669 

50 

57 

3408 

250 

127 

7621 

13 

29-0 

1737 

55 

59 

3574 

300 

139 

8348 

14 

30-0 

1803 

60 

62 

3733 

350 

150 

9017 

Note. — Columns  V  and  v  are  also  falling-body  velocities  due  to  different  heights. 


1  Extracted  from  Hursts  Uandbook. 
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Table  showing  the  Theoretical  Quantity  of  Water,  in  Gallons,  raised 
PER  hour  by  ordinary  Lift  Pumps,  if  worked  25  strokes  per 

MINUTE,  6-,  8-,  AND  12-INCH  STROKE. 


Single  Pumps. 

Double  Pumps. 

Treble  Pumps. 

Diameter 

Quantity  raised  per  hour. 

Quantity  raised  per  hour. 

Quantity  raised  per  hour. 

of  Pump. 

Inches. 

. 

D-in, 

12-in 

6  in 

8-in. 

12-in. 

■ 

o-in. 

8-in 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

Stroke. 

2 

i  oo 

ill  1 

Til 

ouo 

^  iV 

DID 

21 

160 

212 

320 

272 

362 

544 

480 

640 

960 

3 

231 

308 

462 

461 

614 

923 

692 

920 

1384 

313 

416 

627 

627 

836 

1254 

940 

1252 

1880 

4 

410 

546 

819 

818 

1090 

1637 

1228 

1636 

2456 

H 

518 

690 

1036 

1036 

1380 

2072 

1554 

2072 

3108 

5 

639 

852 

1279 

1278 

1706 

2557 

1918 

2556 

3836 

H 

774 

1032 

1548 

1548 

2064 

3096 

2322 

3096 

4644 

6 

920 

1226 

1841 

1841 

2454 

3683 

2762 

3682 

5524 

6^ 

1081 

1440 

2162 

2161 

2882 

4323 

3242 

4322 

6484 

7 

1253 

1670 

2507 

2506 

3342 

5013 

3760 

5012 

7520 

n 

1438 

1918 

2877 

2877 

3836 

5755 

4319 

5758 

8638 

8 

1636 

2180 

3372 

3272 

4362 

6544 

4908 

6544 

9816 

Diameter,  Thickness,  Weight  per  Foot,  etc.,  of  Cast-iron  Water  Pipes 


Internal 
Diameter 

Thick- 
ness in 

Weight 
in  Pounds. 

Safe  Head 
of  Water 

Internal 
Diameter 

Thick- 
ness in 

Weight 
in  Pounds. 

Safe  Head 
of  Water 

in  Inches. 

Inches. 

in  Feet. 

in  Inches. 

Inches. 

in  Feet. 

2 

.3 
8 

8-74 

300 

5 

3 
8 

19-78 

120 

2 

7 
J  6 

10-46 

600 

5 

7 

23-35 

240 

3 

3 
8 

12-43 

200 

5 

i 

26-99 

360 

3 

7 
1  6 

14-77 

400 

5 

5 
8 

34-53 

600 

3 

1 
2 

17-18 

600 

6 

3 
8 

23-49 

100 

4 

3. 
8 

16-10 

150 

6 

7 

1  a 

27-67 

200 

4 

7 

19-06 

300 

6 

h 

31-82 

300 

4 

1. 
2 

22-09 

450 

6 

.5 
8 

40-67 

500 

4 

9 

1  8 

25-19 

600 

6 

1  1 

45-15 

600 

Dimensions  of  Spigot  and  Socket  Joints  in  Cast-iron  Water  Pipes 


Diameter  of  Pipe. 

2  in. 

3  „ 

4  „ 

5  „ 

6  „ 


A 

B 

c 

D 

3  in. 

3  in. 

1  in. 

I  in. 

3  „ 

3  „ 

3 

1 

4  " 

H  „ 

H  „ 

f  " 

i 

H  „ 

8  >> 

2. 

8  '» 

3^  „ 

H  „ 

7 

?  » 

3 

8  " 

Vol.  III. 


136 
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Thicknesses  of  Metal  in  Spigot  and  Socket  Joints  in 
Cast-iron  Pipes 


Thickness  of  Pipe. 

E 

F 

G 

H 

1 

I 

§  i"- 

1  in. 

1  in. 

f  in- 

in 

1  6 

1  in. 

7 

16)) 
1 

2  » 
9 

TS'  )) 
5 

8  » 

9 

16  )) 

5 

8  )) 
1 1 

16  )> 

3 

T  )) 

1  a 

16  )) 
1  „ 
^16  )) 

H  ,. 

1 1 

16  )) 

3 

¥  » 

1  3 

16  )> 

7 

¥  )) 

3 

¥  )) 

1  3 

16  » 

7 

8  » 
1  5 

16  ') 

1  5 

16  )' 

^16  )) 
11 

^8  ') 
^16  ») 

Dimensions  of  Turned  and  Bored  Joints  in  Cast-iron  Pipes 


Diameter  of  Pipe. 

A 

B 

C 

D 

E 

F 

2  in. 

3  „ 

i  „ 

5  )) 

6  „ 

3  in. 

3  ,) 
3  ), 
31 

n  ,)  ^ 

3  in. 
3  „ 
3  ,) 
'^2  >) 
^2  " 

l-l  in. 

u  „ 
H  „ 

1 8  » 
^8  ') 

Hin. 

n 

U  ). 

-I  8  )) 
8  )) 

1  in. 

7 

8  » 
7 

8  )' 
1  „ 
1  „ 

iin. 

i  ). 
1 

¥  » 

3. 

8  » 

3 

8  » 

il-  g.  4<.  -A  


Thicknesses  of  Metal  in  Turned  and  Bored  Joints  in  Cast-iron 

Water  Pipes 


Thickness  of  Pipe. 

G 

H 

I 

J 

K 

1  in. 
7 

i  „ 
0 

TB"  '» 

5 

8  )' 

i  in. 

9 

16  )) 
5 

8  » 
1 1 

I'W  )> 
3 

¥  »' 

fin. 

1  a 

TB"  )) 

1  ), 
1  1 

» 

H  ), 

t  in. 
1 1 

16  » 
3 

¥  » 

1  3 

16  )» 

7 

8  >' 

H  in- 

3 

¥  )) 

1  3 

16  )) 

7 

8  »> 
1  5 

16  )' 

1  in- 
1 5 

16  )) 
1  6  >' 

H  )) 

1-3- 

^16  )) 
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Table  Showing  Dimensions  in  Inches  of  Plain  Socket  Joints  for 
Cast-iron  Water  Pipes,  with  Recess  for  Lead 


Bore  in 
Inches. 

A 

B 

c 

D 

E 

F 

a 

H 

I 

J 

K 

L 

M 

N 
Radius. 

2  ^ 

'ipe. 

n 

3 

H 

■- 

21 

3 

O 

i 

7 

8 

3 

1 

1 1 

I'S 

5 
8 

3 
¥ 

i 

1 

2 

1 

8 

4 

cc 

CO 

4i  J 

^'  1 
51 

6  . 

[ 

3 

H 

ThickiK 

3 
8 

1 

7 

H 

1  3 
1  « 

1  1 

TB" 

7 

i 

1 
2 

i 

Table  Showing  Dimensions  in  Inches  of  Turned  and  Bored  Joints 
FOR  Cast-iron  Water  Pipes,  with  Recess  for  Lead 


k--  F--H 


Bore  in 
Inches. 

A 

B 

C 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 
Radius. 

P 

2  ^ 

<D 

3 

H  ' 

H 

3 

o 

i 

7 

8 

3 
? 

1 

1 1 

■8 

1 

8 

1 

1 

8 

ItV 

H 

4 

h] 

3 

3 

Thickness 

3 
S 

1 

7 

8 

1  3 
1  8 

1  1 

TS" 

7 
8 

1 

8 

1 

If 

Taper  of  bored  portion      in.  per  inch  of  length. 
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Table  of  Dimensions  of  Flanges  of  Cast-iron  Pipes,  Valves,  etc. 


Bore  in 
Inches. 


2 

21 
3" 

H 
4 

41 
5" 

H 

6 

6,1 


Flanges. 


Diameter. 
Inches. 


n 

8 

10 

lOh 

iT 

12 
13 


Thickness. 
Inches. 


9_ 

1  6 

5 
8 
5 
8 
5. 


Diameter 
of 

Bolt-hole 
Circle. 
Inches. 


4| 

H 

6 

6i 

H 

8f 
10 

11 


Bolts. 


Diameter. 
Inches. 


No. 


Weight  of 
Bolts 
and  Nuts  per 
Joint. 
Pounds. 


Diagram  Showing 
Position  of  Bolt-holes 

with  reference  to 
Vertical  Line  through 
Centre  of  Bore. 


2-02^ 

2-07 

2-07 

2-  07  j 

3-  521 
3-52  [ 
3-66; 
5-54] 
5-54  ^ 
5-54  J 


Messrs.  Glenfield  &  Kennedy,  Ltd.  (Kilmarnock),  manufacture  spigot- 
and-socket  cast-iron  water-pipes  in  9-foot  lengths  as  below,  cast  in  dry  sand 
vertically,  with  sockets  down,  and  tested  at  the  foundry  to  the  pressures 
named,  and  coated  with  Dr.  Angus  Smith's  composition: — 


Tested  to  a  Water  pressure  of 

Internal 
Diameter. 

400  Vertical  Feet. 

500  Vertical  Feet. 

600  Vertical  Feet. 

700  Vertical  Feet. 

Thick- 
ness. 

Normal 
Weight  of 
each  Pipe. 

Thick- 
ness. 

Normal 
Weight  of 
each  Pipe. 

Thick- 
ness. 

Normal 
Weight  of 
each  Pipe. 

Thick- 
ness. 

Normal 
Weight  of 
each  Pipe. 

In. 
3 
4 
5 
6 
7 
8 
9 

In. 
•368 
■375 
•405 
•437 
•450 
■460 
■480 

Cwt.  qr.  lb. 

1    0  10 
1    1  24 

1  3  22 

2  2  0 

3  0  0 

3  2  0 

4  0  7 

In. 

•375 
•397 
•428 
•459 
•473 
•485 
•506 

Cwt.  qr.  lb. 
1     0  14 

1  2  6 

2  0  9 

2  2  14 

3  0  18 

3  2  21 

4  1  3 

In. 

■400 
■420 
•451 
■481 
•496 
•510 
■532 

Cwt.  qr.  lb. 
1     0  23 

1  2  16 

2  0  22 

2  3  0 

3  1  8 

3  3  14 

4  2  0 

In. 
•428 
•443 
•473 
•502 
•518 
•535 
•560 

Cwt.  qr.  lb. 
1      1  4 

1  2  26 

2  1  6 

2  3  14 

3  1  20 

4  0  17 
4    3  0 
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i  in. 


1^  " 

1 

S  » 

IB  )) 
1 

J  5) 


Composition  Gas  Pipe 

In  coils  about 
J  cwt.  each. 

3  oz.  per  yard.       ttt  in. 

5  oz.  ,, 

9  oz.  „ 

13  oz.  „ 

17  oz.  „ 
21  oz. 
26  oz. 


_9_ 
1  6 

5 

8 

3 

? 

1 

8 

1 


Other  sizes  and  lengths  can  also  be  made. 


In  coils  about 
J  cwt.  each. 

28   oz.  per  yard. 
46  oz. 
3i  lb. 

4  lb. 

5  lb. 
6-1  lb. 


Simplex  Steel  Conduits  (Light  and  Heavy  Gauge)  for  Electric-Light 

Wiring 


List  External  Diameter  . 
Exact  External  Diameter. 
Exact  Internal  Diameter. 

Thickness  S.W.G  

Weight  (lb.  per  100  ft.)  . 
Feet  per  Ton 

Exact  Internal  Diameter. 
No.  of  Threads  per  inch  . 

Thickness  S.W.G  

Weight  (lb.  per  100  ft.)  . 
Feet  per  Ton 


^  in. 
•5 
•42 
19 
21 
10,600 

•388 

18 

17 

26 
8700 


•625 
•545 

19 

26 
8620 

•497 

18 

16 

40 
5600 


f  in. 

•75 

•654 

18 

38 
5900 

•606 

16 

15 

54 
4150 


^  in. 
•875 
•779 

18 
45 
5000 

•731 
16 
15 

64 
3500 


1  in. 

1-0 
•904 
18 
51 

4390 

•856 
16 
16 
74 
3030 


U  in. 

1-25 

1-138 

17 

74 
3030 

1-106 

16 

15 

94 
2380 


U  in. 

1-5 

1-372 
16 
102 

2190 

1-34 
14 
14 
126 

1780 


2  in. 

2-0 
1-872 
16 
137 
1630 

1-816 

14 

13 
194 
1160 


1  ^ 

='  o  n 


§  ^  I 


Milled  Lead 
In  sheets  30  to  40  ft.  long,  7  ft.  wide 
3  lb.  per  square  foot  =  -^jj  in.  Nearest  Birmingham  Wire  Gauge  18 


15!) 

—  JL 

1  2  " 
_  _1_ 

"10" 
_  i 

!l  31 
_  1 


16 
14 
12 

ai 


Can  be  supplied  of  any  weight,  say  from  1  lb.  to  20  lb.  per  square  foot. 
Sheet  Lead  is  milled  specially  for  chemical  works,  and  is  guaranteed  wholly  of  soft  pig  lead. 
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Sheets  are  cast  in 
14  ft.  by  3  ft.  and  14 
foot  is  recommended, 
obtained. 


Cast  Lead 

dififerent  sizes  by  different  firms,  but  common  sizes  are 
ft.  by  5  ft.    Nothing  lighter  than  7  to  8  lb.  per  square 
Sheets  of  any  desired  weight  in  excess  of  this  can  be 


iin. 

10 

15 

20 

q 
0 

A 

4 

f  in- 

10 

15 

20 

2 

3 

4 

J  in. 

15 

18 

20 

3 

3i 

4 

jnrin- 

16 

18 

22 

3J 

4i 

#  in. 

18 

22 

27 

Z\ 

51 

f  in. 

22" 

24 

26" 

^\ 

5 

1  in. 

28 

36 

42 

5^ 

7i 

8i 

li  in. 

28 

32 

36 

7 

8 

9 

U  in. 

36* 

42 

48 

9* 

lOi 

12 

If  in. 

56* 

70 

84 

14* 

17| 

21 

2  in. 

48* 

56* 

64* 

12* 

14* 

16* 

2  in. 


1\  in. 
3"  in. 
31  in. 

4  in. 
4i  in. 

5  in. 

6  in. 


Lead  Water  Pipe 


25 
5 


25 

30 

5 

6 

22 

25 

28 

30 

35 

40 

45 

4^ 

5 

5| 

6 

7 

8 

9 

30 

35 

40 

45 

6 

7 

8 

9 

28 

32 

36 

40 

45 

50 

55 

6^ 

74 

8 

9 

10 

11 

12 


45    48    52    56    60    64    70  80 
9     91  10|  111  12    13    14  16 

42    48  52    56    60    64    72  80 

101  12  13    14    15    16    18  20 

56"  63  72    84  96 

14    15f  18    21  24 

96  112   

24  28   

72    84  96  112  120* 

18    21  24    28  30* 

Marked  thus  (*)  in  12-ft.  lengths  only. 

Lead  Soil  Pipe 


Equal  to 


5 

6 
40 

7 

8 

34 

41 

48 

55 

41 

49 

57 

66 

47 

57 

67 

76 

54 

65 

76 

87 

73 

85 

97 

81 

94 

107 

128 

74 

86 
98 


In  "iG  ft.  lengths,  and 

in  eO-ft.  coils,  or 
can  lie  liad  in  80-ft. 
or  120-(t.  coils. 

lb.  per  15  ft. 
lb.  per  yard, 
lb.  per  15  ft. 
lb.  per  yard, 
lb.  per  15  ft. 
lb.  per  yard. 

In  15-ft.  lengths,  and 
in  60-ft.  coils,  or 
can  be  had  in  90-tt  coils. 


per  15  ft. 
per  yard, 
per  15  ft. 
per  yard, 
per  15  ft. 
per  yard. 


In  15-ft.  lengths,  .^nd 
in  60-ft.  coils,  or 
can  be  had  in  75-ft  coils. 

.    lb.  per  15  ft. 
lb.  per  yard. 

In  12-1 


22 


lb. 
lb. 
lb. 
lb. 
lb. 
lb. 
lb. 
lb. 


;-ft.  lengths,  nnd 
1  3(;-ft.  coils. 

per  12  ft. 
per  yard, 
per  12  ft. 
per  yard, 
per  12  ft. 
per  yard, 
per  12  ft. 
per  yard. 


10  lb.  sheet  lead. 

In  12-ft.  lengths. 

—  lb.  per  12  ft. 

In  10-ft.,  12-ft.,  and 
14-ft.  lengths. 

—  lb.  per  10  ft. 

82  „ 
95     „  ,, 
109  „ 
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31  in. 
4  in. 


Lead  Soil  Pipe 

As  Specified  by  the  London  County  Council 


65  lb.  per  10-ft.  length. 
74  „ 


5  in.  .. 

6  in.  .. 


92  lb.  per  10-ft.  length. 
110  „ 


Lead  Barrel 

In  10-ft.  and  12-ft.  lengths. 


24- 

in. 

96 

lb  DPr  10  ft 

...     1  u.  uci  y «ii  u« 

01 

in. 

84 

96 

120 

...    lb.  per  10  ft. 

25i 

29 

36 

...    lb.  per  yard. 

3 

in. 

116 

134 

150 

..    lb.  per  10  ft. 

35 

40 

45 

lb.  per  yard. 

in. 

135 

156 

166 

175 

...    lb.  per  10  ft. 

401 

47 

50 

52| 

...    lb.  per  yard. 

4 

in. 

156" 

166 

184 

196 

250 

...    lb.  per  10  ft. 

47 

50 

55 

59 

75 

...    lb.  per  yard. 

41 

in. 

200 

250 

...    lb.  per  10  ft. 

60 

75 

...    lb.  per  yard. 

5 

in. 

254 

280 

...    lb.  per  10  ft. 

76 

84 

...    lb.  per  yard. 

6 

in. 

200 

267 

330 

...    lb.  per  10  ft. 

66 

80 

99 

...    lb.  per  yard. 

Other  sizes  and  lengths  can  also  be  made. 


Lead  Gas  Pipe 


3  oz.  per  yard. 

5  „ 

9  „ 

13  „ 

17  „ 

21  „ 

26  „ 


in. . 
in. . 
in. . 
in. . 
in. . 
in. . 


28  oz.  per  yard. 
46  „ 

31  lb. 

*  „ 


In  coils  about  h  cwt.  each. 


Lead  Rope  for  Caulking  Cast-iron  Pipes 


Diameter  of  pipe  in  inches .. .       ...       ...    4     5  and  6      9  12 

5^ 
8 


rope      „   1^        -|-  -|  ^ 
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-^o  o  o    ,    ,  — .■  1    1    1  1 
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i-HCOCOl-»  <MC^ 
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CO 
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(M 
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(M 
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-+* 

IM 

CO  CO  CO  CO 
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(N 
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i-HrH>-H-rt<C<ICO-^^C<JCOCO^ 

KM 
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CO  CO  CO  CO 
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CO 

CO  CO  CO  -Ol   —  
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CO               -t^  ^  Tti  ^ 

CO  CO  — -co  — ^00  ■  

COCOr-il^(N(M(N(N<NCOCO 

CO  CO 

CO     CO  — CO  rs-iM  00 

 — ^ — r- 1  .CO  — ,~- — CO  t-.*  03  oo 
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CO  fN  1^        i-H  (-H  r-»     1      1      1  1 

^s-tl  M  1  M  1  1  1 

Internal  Diameter  in  Inches. 

Fittings— (Co«<.) 

Nipples    ...        ...        ...  each 

Union  Bends      ...        ...  „ 

Main  Cocks        ...        ...  „ 

Ditto  with  Brass  Plugs...  „ 
Round  Way  Cocks        ...  „ 
Ditto,  with  Brass  Plugs...  ,, 
Cock  Spanners,  Wrought  „ 
Ditto,  Malleable  Cast  ... 
Siphon  Bo.xes,  1 -quart  ...  „ 
Ditto               2-quarts  ...  „ 
Ditto              3-quarts  ..  „ 
Ditto              4-quarts  ...  „ 

(M-^iCCOt^OOCSOrHtNCO^ 
<MtNC^C<l(NC<l(NCOCOCOCOCO 

CO 

W 
h 
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Sheet  Zinc 


±y  Cdl  CO  L 

Standard 
Wire 
Gauge. 

Gauge. 

Approximate 
Weight 
per  square  foot. 

Approximate  Weight  of  Sheets. 

7  ft.  by  3  ft. 

Sheets  in 
Casks  of 
about 
10  cwt. 

8  ft.  by  3  ft. 

Sheets  in 
Casks  of 
about 

IKJ  CWL. 

lb. 

oz. 

drill. 

lb. 

oz. 

drill. 

lb. 

oz. 

drm. 

42 

1 

0 

2 

5 

... 

38 

2 

0 

3 

4 

35 

3 

0 

3 

15 

5 

2 

11 

^  LO 

5 

14 

8 

1  87 

33 

4 

0 

4 

13 

6 

5 

1 

17^ 

7 

3 

8 

loo 

31 

5 

0 

5 

11 

7 

7 

7 

1  4.7 

8 

8 

8 

1  OQ 

30 

6 

0 

6 

11 

8 

12 

7 

i  w 

10 

0 

8 

1 1  n 

29 

7 

0 

7 

12 

10 

2 

12 

1  OR 
1  yjo 

11 

10 

0 

UO 

26 

8 

0 

8 

14 

11 

10 

6 

vo 

13 

5 

0 

oo 

25 

9 

0 

10 

5 

13 

8 

9 

O  1 

15 

7 

8 

7 1 
1  1 

24 

10 

0 

11 

7 

15 

0 

3 

7"^ 

17 

2 

8 

23 

11 

0 

13 

5 

17 

7 

9 

oo 

19 

15 

8 

Oo 

22 

12 

0 

15 

2 

19 

13 

10 

22 

11 

0 

13 

1 

0 

15 

22 

3 

11 

25 

6 

8 

'to 

21 

14 

1 

2 

12 

24 

9 

12 

45 

28 

2 

0 

39 

20 

15 

1 

5 

12 

28 

8 

12 

39 

32 

10 

0 

34 

18 

16 

1 

8 

12 

32 

7 

12 

34 

37 

2 

0 

30 

17 

1 

11 

11 

36 

5 

7 

30 

41 

8 

8 

27 

17 

18 

1 

14 

11 

40 

4 

7 

27 

46 

0 

8 

24 

19 

2 

1 

11 

44 

3 

7 

25 

50 

8 

8 

22 

16 

20 

2 

4 

10 

48 

1 

2 

23 

54 

15 

0 

20 

15 

21 

8 

12 

53 

7 

12 

21 

61 

2 

0 

18 

14 

22 

2 

12 

14 

58 

14 

6 

19 

67 

5 

0 

16 

23 

3 

1 

1 

64 

6 

5 

17 

73 

9 

8 

15 

13 

24 

3 

5 

3 

69 

12 

15 

16 

79 

12 

8 

14 

12 

25 

3 

9 

5 

75 

3 

9 

15 

85 

15 

8 

13 

11 

26 

3 

13 

7 

80 

10 

3 

14 

92 

2 

8 

12 

Nos.  1  and  2  are  only  rolled  to  order  and  special  dimensions. 


Note. — As  it  is  impossible  to  roll  sheets  exactly  to  any  given  weight  or 
thickness,  a  slight  deviation  must  be  allowed. 
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Sheet  Copper 


Wire 
Gauge. 

Weight 
per  Square 
Foot. 

Weight  of 
Common 
Plates. 
4  X  2  ft. 

Weight 
of  Scotch 
Plates. 
4x3  ft.  6  in. 

otandarcl 
Wire 
Gauge. 

Weight 
per  Square 
Foot. 

Weight  of 
Common 
Plates. 
4  X  2  ft. 

Weight 
of  Scotch 
Plates. 
4  X  3  ft.  6  in. 

No 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

0. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

1 

14 

0 

112 

0 

196 

0 

16 

3 

0 

24 

0 

42 

0 

2 

0 

J.  Vt: 

0 

1  OJi 

A 
U 

17 

9 

Li 

1  ^ 

22 

A 
\j 

oo 

Q 

o 

3 

12 

0 

96 

0 

168 

0 

18 

2 

4 

18 

0 

31 

8 

4 

11 

0 

88 

0 

154 

0 

19 

2 

0 

16 

0 

28 

0 

5 

10 

2 

81 

0 

141 

12 

20 

12 

14 

0 

24 

8 

6 

9 

8 

76 

0 

133 

0 

21 

8 

12 

0 

21 

0 

7 

8 

8 

68 

0 

119 

0 

22 

6 

11 

0 

19 

4 

8 

7 

10 

61 

0 

106 

12 

23 

3 

9 

8 

16 

10 

9 

7 

0 

56 

0 

98 

0 

24 

0 

8 

0 

14 

0 

10 

6 

4 

50 

0 

87 

8 

25 

0 

14 

7 

0 

12 

4 

11 

5 

8 

44 

0 

77 

0 

26 

0 

13 

6 

8 

11 

6 

12 

5 

0 

40 

0 

70 

0 

27 

0 

\n 

5 

12 

10 

1 

13 

4 

8 

36 

0 

63 

0 

28 

0 

10" 

5 

0 

8 

12 

14 

4 

0 

32 

0 

56 

0 

29 

0 

9 

4 

8 

7 

14 

15 

3 

8 

28 

0 

49 

0 

30 

0 

8 

4 

0 

7 

0 

Seamless  Copper  Tubes 


Gauge. 

18 

16 

14 

12 

10 

9 

8 

7 

6 

4 

3 

Internal 
Diameter. 

Approximate  Weight  per  Foot  Run. 

Inches. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

lb. 

oz. 

11). 

oz. 

lb. 

oz. 

lb. 

oz. 

lb.  cz. 

X 

2 

5i 
64 

7 

8S 

9 
11 

12J 
15 

1 

16 

3 

1 

84 

i 

74 

10 

13 

1 

14 

1 

6 

1 

94 

1 

12 

2 

0 

1 

10 

13 

1 

1 

1 

6i 

1 

12 

2 

0 

2 

4 

2 

8 

2 

13 

li 

12 

1 

1 

1 

5 

1 

11 

2 

24 

2 

7 

2 

12 

3 

1 

3 

6 

14 

15 

1 

4 

1 

8S 

2 

04 

2 

8i 

2 

14 

3 

4 

3 

94 

3 

15 

li 

1 

1 

1 

64 

1 

124 

2 

5i 

2 

15 

3 

6 

3 

12 

4 

2 

4 

8i 

2 

1 

3 

1 

10 

2 

04 

2 

11 

3 

44 

3 

12 

4 

3 

4 

104 

5 

2 

5 

11 

6 

4i 

2i 

1 

54 
8 

1 

13 

2 

4 

3 

0 

3 

11 

4 

3 

4 

11 

5 

3 

5 

11 

6 

5 

7 

0 

24 

1 

2 

0 

2 

8 

3 

5 

4 

2 

4 

10 

5 

3 

5 

11 

6 

4 

7 

0 

7 

11 

2| 

1 

10 

2 

3 

2 

12 

3 

10 

4 

8 

5 

1 

5 

10 

6 

4 

6 

13 

7 

10 

8 

6 

3 

1 

13 

2 

6 

3 

0 

3 

15 

4 

14 

5 

8 

6 

2 

6 

12 

7 

7 

8 

4 

9 

2 

9  15 

34 

2 

14 

6 

2 

124 

3 

8 

4 

9 

5 

10 

6 

6 

7 

2 

7 

14 

8 

10 

9 

9 

10 

8 

11  7 

4 

2 

3 

24 

4 

0 

5 

3 

6 

7 

7 

4 

8 

1 

8 

15 

9 

12 

10 

13 

11 

14 

13  0 

44 

2 

11 

3 

9 

4 

7 

5 

13 

7 

3 

8 

2 

9 

1 

10 

0 

10 

15 

12 

2 

13 

5 

14  8 

5 

2 

15 

3 

15 

4 

15 

6 

7 

7 

15 

9 

0 

10 

0 

11 

1 

12 

2 

13 

6 

14 

11 

16  1 

54 

3 

4 

4 

5 

5 

7 

7 

1 

8 

12 

9 

14 

11 

0 

12 

2 

13 

4 

14 

11 

16 

2 

17  9 

6 

3 

8i 

4 

11 

5 

14 

7 

11 

9 

8 

10 

11 

11 

15 

13 

3 

14 

7 

15 

15 

17 

8 

19  2 

Brazed  Copper  Tubes  weigh  more  per  lineal  foot  than  seamless  ;  but  an  exact  multiple  cannot 
be  given,  as  the  proportion  of  difference  in  weight  varies  with  the  thickness,  the  diameter,  and  the 
class  of  joint  of  the  brazed  tube. 
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Galvanized  Corrugated-iron  Sheets 


Eight  3-in.  Corrugations,  covering  2  ft.  wide  when  fixed.    Usual  gauges  from  No.  20  to  No.  26. 


Approximate  Weight  per  Sheet  in  Pounds. 

Approximate  Number  of  Sheets 
per  Ton. 

Length. 

5  ft. 

6  ft. 

7  ft. 

8  ft. 

9  ft 

10  ft. 

5  ft. 

6  ft. 

7  ft. 

8  ft. 

9  ft. 

10  ft. 

16  W.G. 
18  W.G. 
20  W.G. 
22  W.G. 
24  W.G. 
26  W.G. 
28  W.G. 

33^ 
26i 
21i 
16| 
13i 
10^ 

H 

40 

32 

25J 

20 

16 

Hi 

46i 
37| 
29f 
231 
18| 

13 

531 
42| 
34 
26.1 

21i 
16^ 
15 

60 

48 

38^ 

30 

24 

18| 

16f 

66^ 
53| 
421 
33i 
26| 
20f 
18i 

67 

84 
105 
134 
168 
216 
240 

56 
70 
88 
112 
140 
180 
200 

48 
60 
75 
96 
120 
154 
171 

42 
52 
66 
84 
105 
135 
150 

37 
46 
58 
74 
93 
120 
133 

34 
42 
53 
67 
84 
108 
120 

Cast-iron  Soil  Pipes  with  Socket  Joints 


Internal  diameter  in  inches 

2 

01 
2 

3 

H 

4 

4^ 

5 

6 

Average  weight  per  6-ft.  length  in  lb. — 

Medium  strength 

20 

20 

32 

38 

44 

54 

60 

84 

26 

40 

Heavy        „   | 

and 

and 

29 

33 

43 

48 

54 

64 

70 

92 

London  County  Council's  requirements 

48 

54 

69 

84 

Thickness  of  metal  in  inches 

3 

1  6 

3 
TF 

1 

? 

1 

Cast-iron  Drain  Pipes  with  Socket  Joints 

(L.C.C.  Requirements) 

Internal  diameter  in  inches  ...       ...       ...3       4       5  6 

Thickness  of  metal  in  inches         ...        ...        ■■■to       |       f  f 

Weight  per  9-ft.  length  in  pounds,  not  less  than  ...  110    160    190  230 

A  9-ft.  length  of  9-in.  cast-iron  pipe,  with  i-in.  metal  and  socket  joint,  weighs 

about  420'lb. 


PLATE  XLVIII 


HIGHEST  AND  LOWEST  MONTHLY  PRICES  OF  TIN,  COPPER,  ZINC, 
AND  LEAD  for  1906  and  1907 


TRADE  LISTS  OF  METAL  SHEETS,  TUBES,  ETC. 
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Block-tin  Pipe 


7  and   9  oz. 
9  and  lU 
11  and  13" 

14 

17 


per  yard. 


f  in. 
I  in. 
I  in. 
1  in. 


23  oz.  per  yard. 
30     „  „ 
38     „  ,, 
48     „  „ 


Lead-encased  Block-tin  Pipe 


fin. 
h  in. 


in 
fin. 
f  in. 


...  2|,  3,  and  3i  lb.  per  yard. 
...  3|,  4,  and  4^ 
...  3|  and  U 
4^,  5^,  5h,  and  6 
5^,  6,  7,  and  8 


1  in.  ...  7,  8,  9,  and  10  lb.  per  yard. 
11  in  9,  10,  and  12     „  „ 

U  in.  11,  Uh,  14,  and  16  „  „ 
If  in  "    17  and  24     „  „ 

2  in.     16,  18,  21,  and  28      „  „ 


Other  sizes  and  lengths  can  also  be  made. 


Weight  of  One  Squake  Foot  of  Metals  and  Alloys.^ 


Thickness. 

Wrought 
Iron. 

Cast 
Iron. 

Steel. 

Copper. 

Tin. 

Zinc. 

Brass. 

Gun 
Metal. 

Lead. 

in. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1 

1  6 

i 

2o0 

2-34 

2-55 

2-89 

2-41 

2-28 

2-63 

2-73 

3-71 

5-00 

4-69 

5-10 

.T-79 

4-81 

4-55 

5-26 

5-46 

7-41 

3 

1  6 

7-50 

7-03 

7-65 

8-68 

7-22 

6-83 

7-89 

8-19 

11-1 

i 

10-0 

9-38 

10-2 

11-6 

9-63 

9-10 

10-5 

10-9 

14-8 

12-5 

11-7 

12-8 

14-5 

12-0 

11-4 

13-2 

13-7 

18 -.5 

3 

15-0 

14-1 

15-3 

17-4 

14-4 

13-7 

15-8 

16-4 

22'2 

Te" 

17-5 

16-4 

17-9 

20-3 

16-8 

15-9 

18-4 

19-1 

2.5-9 

i 

20-0 

18-7 

20-4 

23-2 

19-3 

18-2 

21-1 

21-9 

29-7 

_ 

1  From  The  "Practical  Engineer"  Pocket-hook.  The  weights  given  in  this  table  do  not  tally  exactly 
in  all  cases  with  those  given  in  the  table  taken  from  Molesworth's  Pocket-book, 
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Weight  and  Specific  Gravity  of  Metals  and  Alloys.^ 


Metals. 
Aluminium,  cast  ... 

,,  sheet 
Antimony,  cast  ... 
Bismuth,  „ 
Copper,  cast 
„  sheet 
„  bolts 
,,  wire 

Gold   

Iron,  cast  (average) 

„    wrought  (average) 
Lead,  cast 

,,  sheet 
Mercury  . . . 
Nickel*  ... 
Platinum  ... 

„  sheet 
Silver 
Steel 

Tin,  cast  ... 
Zinc,  ,, 
„    sheet  * 

Alloys. 

Aluminium  bronze,  90  to  95  %  copper 
Bell-metal  (small  bells)  ... 
Brass,  cast 
„  sheet 

„     wire         ...    _  ... 
„     4  copper  to  1  zinc 

3)  ^  JJ  ^  )J 

2  1 

))     l     >)      ))  1  )) 
1  4 
Gun-metal,  10  copper  to  1  tin 
9  1 

))  ^  JJ  JJ     ^  JJ 

White  metal  (Babbett)"  ... 


Weijrht  of  1 

Specific 

Cubic  Foot. 

Gravity. 

lb. 

water  =  1. 

159-8 

2-56 

166-6 

•''•67 

419-5 

fi-7-2 

613-1 

9-822 

537-3 

8-607 

548-1 

8-78 

552-4 

8-85 

555 

8-9 

1150 

1 8-4-1 7 

451 

7-23 

485-6 

7-78 

708-5 

11-36 

711-6 

11-4 

10  oyo 

548 

8-8 

lo43-y 

21-531 

143o  D 

23 

653-8 

10-474 

A  C\(\ 

499 

8 

455*1 

7-291 

A  OT 

437 

7 

A  A  (\ 

449 

7-2 

478-4 

7-68 

502-52 

8-05 

524-37 

8-4 

526-86 

8-44 

533-109 

tJ  tJ  Kf     l.\J  U 

8-54 

527-36 

8-448 

024  18 

8  397 

518-06 

8-299 

513-75 

8-23 

460-13 

7-371 

528-36 

8-464 

528-24 

8-462 

528-05 

8-459 

527-89 

8-456 

456-32 

7-31 

'  From  Molesworlh's  Pocket-hook,  except  nickel  and  sheet  zinc,  marked  *,  which  are  taken  from 
Tlie  "  Practical  Kngineer"  Pocket-book.  The  weight  of  a  cubic  foot  of  water,  according  to  Molexicnrth's 
Pocket-hook,  is  62-425  lb.,  and  the  weight  of  a  cubic  foot  of  any  metal  or  alloy  can  be  found  by  multi- 
plying its  specific  gravity  by  62 '425  lb.  The  weights  and  specific  gravities  given  by  different  authorities 
vary  to  some  extent,  but  the  figures  quoted  above  are  usually  regarded  as  sufficiently  accurate  for 
practical  purposes. 


APPENDIX  III -TABLES  ATO  MENSUEATIOI^^ 


A.  WEIGHT 

Avoirdupois  Weight  Table 

16  drams  =  1  ounce  (oz.) 

16  ounces  =  1  pound  (lb.) 

28  pounds  =  1  quarter  (qr.) 

^  quarters  or  \  =  1  hundredweight  (cwt.) 

112  pounds  J  a     \  / 


20  hundredweight  or    \  _  -i  ^ 
2240  pounds  j-  -  i  ton 


Metric  Weight  Table 


10  milligrams  (mg.) 
10  centigrams 
10  decigrams 
10  grams 
10  decagrams 
10  hectograms 
10  kilograms 
10  myriagrams 
10  quintals 


=  1  centigram  (eg.) 

=  1  decigram  (dg.) 

=  1  gram  (g.  or  gm.) 

=  1  decagram  (Dg.) 

=  1  hectogram  (hg.) 

=  1  kilogram  (kg.) 

=  1  myriagram  (Mg.) 

=  1  quintal  (ql.) 

=  1  tonne  (t.) 


Conversion  Table 


To  Convert 

Into 

Multiply  by 

Converse. 

Milligrams 

Grains 

•015432 

64-8 

Centigrams 

)) 

•154 

6-48 

Decigi-ams 

)) 

1-543 

•648 

f  " 

15  •432 

•0648 

Grams 

-  Drams 

•5644 

1-772 

\  Ounces 

•03527 

28^350 

Hectograms 

») 

(  Pounds 

3^527 

•2835 

2^2046223 

•45359243 

Kilograms 

Cwts. 

•01968 

50-80 

i  Tons 

•00984 

1016 

Note. — There  are  7000  grains  in  1  lb.  avoirdupois.  If  it  is  required  to 
convert  (say)  kilograms  into  pounds,  multiply  the  number  of  kilograms 
by  the  figures  in  the  third  column  on  the  same  line  as  the  word  ■'  Pounds  ", 
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namely,  2-2046223.  It  is  obvious  that  1  kg.  =  2-204  lb.,  or  rather  more 
than  21  lb.  Conversely,  to  convert  lb.  into  kg.,  multiply  the  number  of 
lb.  by  the  figures  in  the  fourth  column  on  the  same  line,  namely,  -45359243. 
1  lb.  =  -45359243  kg.,  or  rather  less  than  ^  kg. 

Avoirdupois  Weight  is  the  British  standard  weight  for  all  plumbers' 
goods  sold  by  weight,  such  as  sheet  lead. 

Examples.— I.  Convert  2115  lb.  into  cwt.,  qr.,  28)2115(75 
and  lb.    Divide  first  by  28,  the  number  of  lb.  in  196 
1  qr.     The  quotient  will  be  the  number  of  qr.,  T55 
and  the  remainder  will  be  the  number  of  lb.  over.  140 
We  thus  find  that  in  2115  lb.  there  are  75  qr.  and  ~Tk 
15  1b.                                                    H  J5 

Now  divide  the  75  qr.  by  4,  the  number  of 
qr.  in  1  cwt.    The  quotient  will  be  the  number         4  )  / o  qr.  lo  lb. 
of  cwt.,  and  the  remainder  will  be  the  number  of  18  cwt.  3  qr.  15  lb. 

qr'.  over. 

18  cwt.  3  qr.  15  lb. 
_4 

72 

2.  Convert  18  cwt.  3  qr.  15  lb.  into  lb.    Mul-  _3  add 

tiply  the  number  of  cwt.  by  4  (the  number  of  qr.  75 

in  1  cwt.),  and  add  to  the  product  the  number  of  28 
qr.  in  the  given  weight.    Then  multiply  the  sum 

thus  obtained  by  28  (the  number  of  lb.  in  1  qr.),  ^50 

and  add  the  number  of  lb.  in  the  2,iven  weight,   

°            *  2100 

 15  add 

2115  lb. 


3.  Add  the  following :  —  First  add  together 


the  figures  in  the  lb.  column.    The  sum  is  99.  cwt.  qr.  lb. 

Divide  this  by  28  (the  number  of  lb.  in  1  qr.).  119 

The  quotient  is  3  and  the  remainder  15.    Place  2    0  20 

the  remainder  under  the  lb.  column,  and  carry  3.  5    3  13 

Add  this  to  the  figures  in  the  qr.  column,  and  the  0    2  27 

sum  is  11.    Divide  11  by  4  (the  number  of  qr.  in  6    1  19 

1  cwt.),  and  the  quotient  is  2  and  the  remainder  3.  2    1  11 

Place  the  remainder  under  the  qr.  column,  and         Total         Ts    3  15 

carry  2  to  the  cwt.  column,  and  add.  The  sum  - 
is  18. 


B.  LENGTH 


British  Table  of  Linear  Measure 

12   inches  (in.)        =  1  foot  (ft.) 
3  ,  feet  =  1  yard  (yd.) 

5|  yards  =  1  rod,  or  pole  (po.) 

40   poles  =1  furlong  (fur.) 

8   furlongs  or  "i         -,  \ 

1760   yards  °  |    =  1  (m) 

Also      100   links  or  |    ^  ^  ^^.^.^  ^^j^^ 

22   yards  J  ' 
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Metric  Table  of  Linear  Measure 


10  millimetres  (mm.) 
10  centimetres 
10  decimetres 
10  metres 
10  decametres 
10  hectometres 
10  kilometres 


1  centimetre  (cm.) 
1  decimetre  (dm.) 
1  metre  (m.) 
1  decametre  (Dm.) 
1  hectometre  (hm.) 
1  kilometre  (km.) 
1  myriametre  (Mm.) 


Conversion  Table 


To  Convert 

Into 

Multiply  by 

Converse. 

Millimetres 
Centimetres 
Decimetres 

Metres 

Inches 

/  Feet 
\  Yards 

•03937 

•3937 
3-937 
3-280843 
1-0936143 

25-400 
2-540 
•254 
•304S 
■914399 

Note. — This  conversion  table  is  used  in  the  same  way  as  that  dealing- 
with  weights.    1  m.  =  3-280843  ft.,  and  1  ft.  =  -3048  m. 

British  Linear  Measure  is  the  standard  measure  for  plumbers'  goods  sold 
by  length,  such  as  wrought-iron  barrel,  dx-ain  pipes,  and  soil  pipes.  In  bills 
of  quantities  linear  measurements  are  usually  described  as  lin.  feet  or  feet 
run,  lin.  yds.  or  yds.  run. 


m. 


Example.  —  4.  How   many  yards,  feet,  and 

inches  are  there  in  the  following  runs  of  pipe?  ^ 

First  add  together  the  figures  in  the  in.  column.  '  ^ 

The  sum  is  44.    Divide  this  by  12  (the  number  ^ 

of  in.  in  1  foot).     The  quotient  is  3  and  the  ^ 

remainder  8.    Place  the  remainder  under  the  in.  12  3 

column,  and  carry  3  to  the  ft.  column,  and  add.  ^ 
The  sum  is  127.    Divide  127  by  3  (the  number  of 
ft.  in  1  yd.);  the  quotient  is  42  and  the  remainder         3  )  127  8 

1,  and  the  answer  is  42  yd.  1  ft.  8  in.  42  yd.  \  ft.  8  in. 


Also 


C.  AREA 

British  Table  of  Square  Measure 

144   square  inches  (sq.  in.)  =  1  square  foot  (sq.  ft.) 

9       ,,     feet  =  1  square  yard  (sq.  yd.) 

30;^     „     yards  =1      „     rod,  square  pole,  or  perch  (per.) 

40  perches  =  1  rood  (ro.) 

4  roods  =  1  acre  (ac.) 

640  acres  =  1  square  mile  (sq.  m.) 

10  square  chains  or  1  , 

:840     „     yards  |  =1^^''^ 
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Metric  Table  of  Square  Measure 


100  square  millimetres  (mm. 2) 
100     „  centimetres 
100     ,,  decimetres 

10  centiares 

10  deciares  or 
100  square  metres  / 

10  ares 

10  decares  or  \ 
100  square  decametres  j 
100     ,,  hectometres 


1  square  centimetre  (cm.^  or  sq.  cm.) 

1      „     decimetre  (dm.^  or  sq.  dm.) 

1      „     metre  (m.^  or  sq.  m.)  or  1  centiare 

1  deciare 

1  are  or  1  square  decametre 
1  decare 

1  hectare  (ha.)  or  1  square  hectometre 
1  square  kilometre  (km.-^  or  sq.  km.) 


Conversion  Table 


To  Convert 

Into 

Multiply  by 

Converse. 

Square  millimetres 
,,  centimetres 

„  decimetres 
„  metres 

Square  inches 

/       »  )) 
(       „  feet 

J       ))  )) 
I       „  yards 

•00155 
•15500 

15^500 
■10764 

10-7639 
1-1960 

645-16 
6-4516 

•064516 
9^2903 
•092903 
■836126 

British  Square  Measure  is  the  standard  measure  for  goods  sold  by  area, 
such  as  glass,  and  is  used  for  obtaining  the  areas  of  sheet  lead  as  a 
preliminary  step  in  the  calculation  of  the  weight,  and  also  for  many 
other  purposes  in  the  trade. 

According  to  the  table  there  are  144  sq.  in.  in  1  sq.  ft.,  but  in  practice 
it  is  usual  to  subdivide  the  foot  duodecimalLy,  i.e.  into  twelfths,  thus — 

1  foot      =12  primes,  and  1  sq.  ft.  =12  superficial  primes. 

1  prime   =12  seconds,    „    1  sup.  prime   =12         „  seconds. 
1  second  =  12  thirds,      „    1    „    second  =  12         „  thirds. 

As  a  rule  fractions  of  inches  run  are  ignored,  the  next  higher  whole 
number  being  substituted;  thus,  7h  in.  would  be  calculated  as  8  in.  It 
is  therefore  unnecessary  to  give  examples  containing  fractions  of  inches. 
In  linear  measure  an  inch  is  of  a  foot,  and  therefore  1  inch  =  1  prime 
or  1'.^ 

Now  it  is  obvious  that  (say)  a  square  piece  of  lead  measuring  1  ft. 
on  each  side  contains  exactly  1  sq.  ft.  or  144  sq.  in.,  and  that  this  can  be 
cut  into  two  equal  pieces,  each  of  which  will  measure  1  foot  by  6  inches 
(or  1  ft.  X  6')  and  will  contain  exactly  J  sq.  ft.,  or,  according  to  the  Table 
of  Square  Measure,  ^4-  =  72  sq.  in.  This  is  the  number  which  will  be 
obtained  by  reducing  the  two  linear  dimensions  of  each  piece  to  inches, 
namely,  12  in.  by  6  in.,  and  multiplying  them  together,  thus,  12  in.  x  6 
in.  =  72  sq.  in.  The  utility  of  duodecimals  is  that  they  allow  calculations 
of  square  measure  to  be  made  without  reducing  the  linear  dimensions  to 

1  It  is  customary  in  the  building-  trades  to  use  one  accent  for  feet  and  two  accents  for  inches ;  thus, 
2  ft.  6  in.  =  2'  6".    But  for  the  present  it  will  be  better  to  adopt  the  notification  given  in  the  text. 
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inches.  The  piece  of  lead,  measuring  1  ft.  by  6  in.,  would  be  calculated 
thus — 

1  ft.  X  6'  =  6',  i.e.  6  superficial  primes.^ 

It  is  clear,  therefore,  that  6  superficial  primes  are  equal  to  72  sq.  in. 
and  that  1  sup.  prime  —  12  sq.  in.  By  the  definition,  however,  1  sup.  prime 
=  12  sup.  seconds.  Therefore  1  sq.  in.  =  1  sup.  second.  To  convert  feet  into 
primes  we  multiply  by  12,  and  to  convert  primes  into  seconds  we  multiply 
again  by  12,  and  so  on.  Conversely,  to  convert  seconds  into  primes,  we 
divide  by  12,  and  to  convert  primes  into  feet  we  divide  again  by  12. 

Reverting  to  our  example,  we  have 

1  ft.  X  6'  =  6',  i.e.  6  sup.  primes; 

or,  as  1  ft.  =  12  in.,  or  (in  linear  measure)  12'  or  12  primes,  we  may 
express  it  thus— 

12'  X  6'  =  72",  i.e.  72  sup.  seconds, 
and  72"  -f  12  =  6',  i.e.  6  sup.  primes. 

The  points  to  be  noted  are  that  when  a  ft.  and  a  prime  are  multiplied 
together,  the  product  is  in  superficial  primes,  and  that  when  two  primes 
are  multiplied  together,  the  product  is  in  superficial  seconds.  We  may  add 
that  when  a  foot  and  a  second  are  multiplied  together,  the  product  is  in 
superficial  seconds. 

Suppose,  now,  that  we  cut  oflf  exactly  one-fourth  of  our  piece  of  lead, 
that  is  to  say,  a  piece  measuring  6  in.  x  3  in.,  and  containing,  therefore, 
18  sq.  in.,  i.e.  18  sup.  seconds.  Dividing  18  by  12,  we  obtain  a  quotient 
of  1  and  a  remainder  of  6,  and  express  it  by  duodecimals  thus — 

6'  X  3'  =  -j-f"  =  1'  6",  i.e.  1  sup.  prime  and  6  sup.  seconds. 

Examples.  —  5.  Find  the  area  of  a  square  sheet  of  glass 
measuring  2  ft.  6'  x  2  ft.  6'. 

Multiplying  first  by  2  ft.,  we  have  6'  x  2  ft.  =  12',  and 
dividing  this  by  12  we  obtain  1  sq.  ft.^ 

Next  multiply  2  ft.  x  2  ft.,  and  the  product  is  4  sq.  ft. 

Then,  6'  x  6'  =  36"  =  3'. 

Finally,  2  ft.  x  6'  =  12'  =  1  sq.  ft. 

On  adding  these  figures,  we  find  that  the  area  is  6  sq.  ft.  and 
3  sup.  primes. 

6.  Find  the  area  and  weight  of  a  sheet  of  lead  measuring  22  ft.  6  in.  by  7  ft. 
9  in.,  and  weighing  6  lb.  per  sq.  ft. 

The  steps  are  as  follows : — 

6'  X  7  ft.  =  42'  =  3  sq.  ft.  (carried  for- 


fu. 

2 

6 

2 

6 

1 

0 

4 

0 

1 

3 

6 

3 

ward)  and  6'; 
22  ft.  X  7  ft.  =  154  sq.  ft.,  to  which  we 


ft. 

22 

6 

0 

7 

9 

0 

157 

6 

0 

16 

10 

6 

174 

4 

6 

)  202 


add  3  brought  forward ;  16  10  6 

6'  X  9'  =  54"  =  4'  (carried  forward)  and  6"; 
22  ft.  X  9'  =  198'  =  16  sq.  ft.  6',  to  which 
we  add  4'  brought  forward. 

*  In  the  building  trade  primes  are  invariably  known  as  inches,  and  this  practice  is  somewhat 
confusing  to  the  boy  fresh  from  school. 

2  In  actual  work,  this  would  be  carried  forward  mentally  and  added  to  the  4  found  by  tlie  next  ste)). 
and  the  sum  {i.e.  5)  would  be  entered  in  the  working  out. 
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The  area  is  174  sq.  ft.  4  sup.  primes  and  6  sup.  seconds.  To  find  the  weight 
we  must  multiply  by  6  lb.,  the  weight  per  sq.  ft. 

ft.     '  " 
174    4  6 
6    0  0 


28  )  1046    3    0  ( 37  qr.  11  lb.  =  9  cwt.  1  qr.  11  lb. 

84 

206 
196 

lOj^V  =  (say)  11. 
The  steps  are  as  follows : — 

6"  X  6  lb.  =  36"  lb.  =  3'  (carried  forward)  and  0  remainder; 

4'  X  6  lb.  =  24',  to  which  must  be  added  3' brought  forward,  making  27'  = 

2  lb.  (carried  forward)  and  3'  remainder; 
174  X  6  lb.  =  1044  lb.,  to  which  we  add  2  lb.  brought  forward. 

Divide  by  28  to  convert  the  lb.  into  qr.,  and  by  4  to  convert  the  qr.  into  cwt, 
and  the  answer  is  obtained — 9  cwt.  1  qr.  11  lb.  nearly. 

7.  Add  the  following  areas,  and  find  the  ft.    '  " 

number  of  sq.  yd.  12    8  3 

The  seconds  column  is  first  added  and  6    2  5 

divided  by  12,  the  remainder  10  being  set  7    6  0 

down  as  shown,  and  the  quotient  2  carried  41    8  9 

forward  to  the  primes  column;  the  sum  in  this  13  11  10 

case  is  treated  in  the  same  way.  On  completing  12    9  7 

the  addition,  we  divide  the  number  of  sq.  ft.  by          9  )  94  10  10 

9  (the  number  of  sq.  ft.  in  1  sq.  yd.)  to  obtain  ,  5  f^. 

the  number  of  sq.  yd.  ^  ^ 

Mensuration  of  Plane  Figures. — In  the  plumber's  business  the  calcula- 
tion of  the  areas  of  various  plane  figures  is  often  i-equired,  including 
squares  and  other  rectangles,  parallelograms  and  other  four-sided  figures, 
triangles,  polygons  or  many-sided  figures,  and  circles. 

I.  To  find  the  area  of  a  rectangle. 

Rule. — Multiply  the  length  by  the  breadth. 

A  rectangle  is  a  four-sided  figure,  each  of  the  four  angles  of  which 
is  a  right  angle.    The  simplest  rectangle  is  a  square. 


1 

Examples. — 8.  Find  the  area  of  a  piece  of  glass  2  ft.  6  in.  square.  *vo 
2  ft.  6'  X  2  ft.  6'  =  6  ft.  3'.    (See  Example  5,  page  383.) 


2'.  6"  -* 


9.  Find  the  area  of  a  rectangular  sheet  of  lead  22  ft.  6  in.  long  and  7  ft.  9  in. 
broad. 

22  ft.  6'  X  7  ft.  9'  =  174  ft.  4'  6".    (See  Example  6,  page  383.) 
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II.  To  find  the  area  of  a  parallelogram. 

Rule. — Multiply  the  base  by  the  perpendicular  height. 

A  parallelogram  is  a  four-sided  figure,  the  opposite  sides  of  which  are 
equal  and  parallel  to  each  other.  The  opposite  angles  are  also  equal  to 
each  other,  but  two  of  the  angles  are  greater  than  a  right  angle,  and  two 
are  less. 


I 

ON 

I 


<  22'  6"  

Example. — 10.  Find  the  area  of  a  parallelogram  having  a  base  measuring  22  ft. 
6  in.  and  a  perpendicular  height  measuring  7  ft.  9  in. 

22  ft.  6'  X  7  ft.  9'  =  174  ft.  4'  6".    (See  Examples  6  and  9.) 
III.  To  find  the  area  of  a  rhombus. 

Rules. — 1.  Multiply  the  base  by  the  perpendicular  height. 

2.  Multiply  the  diagonals  together,  and  divide  the  product  by  2. 

A  rhombus  is  a  parallelogram  with  four  equal  sides. 

Examples. — 11.  Find  the  area  of  a  diamond-shaped  sheet  of  glass,  having  four 
equal  sides  2  ft.  6  in.  long  and  a  perpendicular  height  of  1  ft.  9  in. 

ft.  ' 
2  6 
1  9 


2  6 
1  10  6' 

^'•^  ■*  4    4  6 


2  ft.  6'  X  1  ft.  9'  =  4  ft.  4i'. 

12.  Find  the  area  of  a  rhombus,  the  diagonals  of  which  measure  4  ft.  9  in.  and 
3  ft.  4  in.  respectively. 

ft.  ■ 

4  9 

3  4 

14  3 

1  7 


2)15  10 
7^1 

4  ft.  9'  X  3  ft.  4'  _  15  ft.  10'  _  7  ^^1' 
IV.  To  find  the  area  of  a  trapezoid. 

Rule. — Multiply  half  the  sum  of  the  parallel  sides  by  the  perpendicular 
distance  between  them. 


386  APPENDICES 

A  trapezoid  is  a  four-sided  figure  having  two  sides  parallel  to  each 
other,  but  of  unequal  length. 

Example. — 13.  Find  the  area  of  a  trapezoid,  of  which  the  two  parallel  sides  are 
9  ft.  10  in.  and  12  ft.  5  in.  in  length  respectively,  and  the  perpendicular  distance 
between  them  7  ft.  11  in. 

ft.  ' 
9  10 


-  9  10 


12    5  add 


2)22  3 
11  1 
7  11 


77  10  6 


12'-  5"  "  10    2  4 


88    0  10  6 


9  ft.  10'  +  12  ft.  5' 


X  7  ft.  11'  =  11  ft.  r  6"  X  7  ft.  11"  =  88  ft.  r  nearly. 


V.  To  find  the  area  of  a  triangle. 

Rules. — 1.  Multiply  the  base  by  lialf  the  perpendicular  height. 

2.  If  the  sides  are  given,  multiply  half  the  sum  of  the  three  sides  by 
the  product  of  the  three  remainders  obtained  by  subtracting  each  of  the 
sides  from  half  the  sum  of  the  three  sides,  and  extract  the  square  root 
of  the  final  product. 

3.  If  the  triangle  is  equilateral,  i.e.  if  the  sides  are  equal  to  each  other, 
Rule  2  can  be  simplified  as  follows: — (a)  Square  the  square  of  half  a  side, 
multiply  by  three,  and  extract  the  square  root  of  the  pi'oduet;  or  further, 
(h)  multiply  the  square  of  half  a  side  by  the  square  root  of  3  (that  is  to  say, 
by  1-73205). 

Note. — The  square  of  a  number  is  the  product  obtained  by  multiplying 
the  number  by  itself;  thus,  5^  =  25.  The  squaring  of  the  square  would 
in  this  case  be  5"  x  5^  =  25  x  25  =  625,  and  would  be  expressed  thus, 
5*  =  625. 

Examples. — 14.  Find  the  area  of  a  triangle  with  a  base  of  15  ft.  7  in.  and  a 
height  of  12  ft.  2  in. 

ft.  in. 
2)  12  2 
6  1 
15  7 

91  3 
3    6  7 

15'  7"  94    9  7 


15  ft.  7'  X  iii^  =  15  ft.  7'  X  6  ft.  1'  =  94  ft.  10'  nearly. 
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15.  Find  the  area  of  a  triangle,  the  sides  of 
which  measure  15  ft.  6  in.,  12  ft.  9  in.,  and  10  ft. 
5  in. 

Half  the  sura  of  the  three  sides  =  19  ft.  4  in. 
The  three  remainders  required  by  Rule  2  are — 

(1)  19  ft.  4  in.  -  15  ft.  6  in.  =  3  ft.  10  in. 

(2)  19  ft.  4  in.  -  12  ft.  9  in.  =  6  ft.    7  in. 

(3)  19  ft.  4  in.  -  10  ft.  5  in.  =  8  ft.  11  in. 

Then,  the  area  =  ^19  ft.  4  in.  x  3  ft.  10  in.  x  6  ft.  7  in.  x  8  ft.  11  in. 

Three  methods  of  obtaining  the  product  of  these  four  measurements  are  avail- 
able, namely,  (1)  by  duodecimals;  (2)  by  converting  the  dimensions  into  inches, 
and  proceeding  by  simple  multiplication;  and  (3)  by  vulgar  fractions.  We  will 
adopt  the  last  method.  4  in.  =  j-ir  ft.  =  ft.;  10  in.  =  i#  ft.  =  -j  ft.;  7  in.  =  -^^  it.; 
and  11  in.  =  ft. 

Therefore,  19  ft.  4  in.  =  19i  ft.,  and  this  can  be  expressed  more  simply  as 
which  is  obtained  by  multiplying  the  whole  number  (19)  by  the  denominator  of 
the  fraction  (namely,  3),  and  adding  to  the  product  the  numerator  of  the  fraction 
(namely,  1);  the  sum  thus  obtained  (namely,  58),  becomes  the  numerator  of  the 
fraction,  the  denominator  being  3.    In  a  similar  manner — 

3  ft.  10  in.  =  3f    ft.  =  --^  ft., 

6  ft.    7  in.  =        ft.  =  f|  ft.,  and 

8  ft.  11  in.  =  8\i  ft.  =  ft. 

Therefore,  the  area      V      x  ^r-  ^  tt  ^  ■rV^' 

By  dividing  one  numerator  and  one  denominator  bj'  2,  we  simplify  this  a  little. 
We  then  multiply  all  the  numerators  together  and  all  the  denominators  together, 
and  divide  the  product  of  the  numerators  by  the  product  of  the  denominators, 
thus — 

Area  =  a/L^  x  ^-^  x  .'-^  =  a/-^^  =  V4659WT. 

V    3         3        12        12         V  1296 


ft. 

15 

6 

12 

9 

10 

5 

2)38 

8 

19 

4 

4659-0671  (68-25 
36 


To  extract  the  square  I'oot  of  4659-0671, 
wi'ite  the  figures  down,  and  place  a  dot  over 
the  unit  of  the  whole  number — in  this  case, 
9 — and  place  other  dots  over  the  alternate 
figures  to  the  right  and  left. 

The  figures  up  to  the  left-hand  dot  must 
first  be  considered,  namely,  46.  What  whole 
number  when  multiplied  by  itself  yields  a 
product  equal  to  or  only  a  little  less  than  46  ? 
It  is  an  easy  matter  to  answer  this  question 
mentally;  thus,  we  might  say  5x5  =  2.5, 
6  X  6  =  36,  and  7  X  7  =  49.   7  is  out  of  the 

question,  as  its  square  (49)  is  more  than  46.  5  is  also  out  of  the  question,  as  its 
square  (25)  does  not  approach  46  as  nearly  as  does  the  square  of  6.  We  therefore 
select  6  and  place  it  on  the  divisor  side  and  also  on  the  quotient  side  as  shown, 
multiply  it  by  itself  and  place  the  product  36  under  the  figures  46.  Subtract 
36  from  46,  and  bring  down  the  next  two  figures  59.  Noav  multiply  the  first 
figure  in  the  square  root  or  quotient  (6)  by  2,  and  place  the  piodnct  12  to  the  left 
of  the  figures  1059  as  shown.    How  many  times  will  12  go  into  105?    The  answer 


128 

1059 

1024 

1362 

3506 

2724 

13645 

78271 

68225 

10046 
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is  8.  Write  8  after  the  6  in  the  square  root  and  also  after  the  12  in  the  divisor 
column.  Multiply  128  by  8,  and  place  the  product  under  the  1059  as  shown, 
subtract,  and  bring  down  the  next  two  figuies.  For  the  new  divisor  multiply 
68  by  2,  and  place  the  product  136  as  shown.  136  will  go  twice  into  350.  There- 
fore, the  figure  2  must  be  added  to  the  divisor  and  also  to  the  root  or  quotient,  but 
as  the  last  two  figures  brought  down  in  the  dividend  came  after  the  decimal  point, 
the  figure  2  must  be  placed  after  a  decimal  point  in  the  root.  In  the  example  the 
root  is  extracted  to  two  places  of  decimals,  and  the  area  of  the  triangle  is  showti  to 
be  68-25  sq.  ft. 

To  convert  the  decimals  into  a  fraction,  place  the  figures  25  as  the  numerator, 
and  1  followed  in  this  case  by  two  noughts  (because  there  are  two  places  of 

25 

decimals)  as  the  denominator,  thus,         Dividing  the  numerator  and  denominator 

by  25,  we  have  ^  =        Therefore  68-25  sq.  ft.  =  68i  sq.  ft. 
•>     '  100      4  ^  *  ^ 

To  convert  the  decimals  into  superficial  primes,  multiply  by  12  and  divide  the 
25  X  12 

product  by  100,  thus:  —  =  3  sup.  primes. 

Therefore,  68-25  sq.  ft.  =  68  sq.  ft.  3'. 

It  is  clear  that  in  many  cases  this  is  a  laborious  method  of  obtaining  the  avea 
of  a  triangle.  Rule  1  is  a  simpler  method,  and  it  is  therefore  better  in  taking 
measurements  to  measure  the  base  and  perpendicular. 

16.  Find  the  area  of  an  equilateral  triangle,  the  length  of  each  side  being 
12  ft. 

Half  the  length  of  the  side  is  therefore  6  ft.,  and  by  Rule  3  (a). 

Area  =  Vs  x  6'^  x  6^  =  V3  x  36  x  36  =  V3888  =  62-35. ..sq.  ft. 


3888  (62-35 
36 


122 

288 

244 

1243 

4400 

3729 

12465 

67100 

62325 

4775 

By  Rule  3  (b),  area  =  62  x  1-73205  =  62-3538  sq.  ft. 
VI.  To  find  the  area  of  a  trapezium. 

Rule. — Divide  the  trapezium  into  two  triangles  by  drawing  one  of  the 
diagonals.  The  area  of  the  trapezium  is  the  sum  of  the  areas  of  the  two 
triangles. 

A  trapezium  is  a  four-sided  plane  figure,  the  opposite  sides  of  which  are 
not  parallel  to  each  other. 

As  each  triangle  has  the  same  base,  the  areas  of  the  two  may  be  calcu- 
lated at  one  operation  by  multiplying  the  length  of  the  diagonal  by  half 
the  sura  of  the  two  perpendicular  heights. 


TABLES  AND  MENSURATION 


389 


Example. — 17.  Find  the  area  of  a  trapezium,  of  which  one  diagonal  measures 


18  ft.  9  in.,  and  the 
respectively 


two  perpendiculai 


heights 


measure  9  ft.  9  in.  and  6  ft.  7  in. 


147 
6 


7  add 


2)16 

4 

8 

2 

18 

9 

153  1 


18  ft.  9'  X 


9  ft.  9'  +  6  ft.  7' 


18  ft.  9'  X  8  ft.  2'  =  153  ft.  1^'. 


VII.  To  find  the  area  of  a  regular  'polygon} 

Rule. — Multiply  the  radius  of  the  inscribed  circle  by  half  the  number 
of  sides,  and  multiply  the  product  by  the  length  of  one  side. 

A  regular  polygon  is  a  plane  figure  with  five  or  more  equal  sides  and 
equal  angles. 

The  following  table  will  be  useful  in  this  connection,  and  also  for  the 
purpose  of  drawing  regular  polygons  with  five,  six,  eight,  ten,  and  twelve 
sides. 

Table  of  Polygons 

A  =  Angle  formed  by  the  intersection  of  two  adjacent 
sides, 

R  =  Radius  of  circumscribed  circle, 
r  =      „       „  inscribed  circle, 
S  =  Side  of  polygon. 


Name. 

No.  of 
Sides. 

A. 

Area  =  S-  X 

S  =  R  X  and 
R  =  S  -T- 

S  =  r  X  and 
r  =  S  ^ 

Pentagon 

5 

108° 

1-7205 

1-1755 

1-4536 

Hexagon 

6 

120° 

2-5980 

1-0000 

1-1547 

Octagon 

8 

135° 

4-8284 

•7653 

•8284 

Decagon 

10 

144° 

7-6942 

•6180 

•6498 

Duodecagon 

12 

150° 

11-1961 

-5176 

-5359 

Examples. — 18.  Find  the  area  of  a  regular  pentagon  having  sides  measuring 
6  ft.  9  in.  each. 

Proceeding  by  the  rule,  we  must  first  find  the  radius  of  the  inscribed  circle. 
This  can  be  obtained  graphically  after  the  manner  shown  in  the  illustration 
of  the  hexagon  above,  or  can  be  calculated  from  the  length  of  the  side  by  means 

^  The  areas  of  irregular  polygons  can  most  easily  be  ascertained  by  dividing  them  into  simpler 
figures,  and  taking  suitable  measurements  either  from  the  object  itself  or  from  a  careful  drawing  to 
scale ;  thus,  an  irregular  pentagon  can  be  divided  into  a  trapezium  and  a  triangle,  a  hexagon  into  two 
trapeziums,  and  so  on. 
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of  the  divisor  in  the  last  cohimn  of  the  Table  of  Polygons,  where  we  find  that 
r  =  S  -  1-4536. 

_  6  ft.  9'  _     81'    _--7o'  ^-4536  )  81-0000  (  55-72 

~  1-4536  ~  r4536  "  72680 

83200 
72680 

10520 
101752 

3448 


ft.     '  " 

Area  =  55-72'  x  |  x  6  ft.  9*.  11    7  4 

=  139-3'  X  6  ft.  9'  =  11  ft.  7'  4"  x  6  ft.  9'  ^  ^ 


=  78  ft.  4i' 


69 


^'  8    8  6 

78    4  6 

19.  By  using  the  polygon  tables  the  area  can  be  calculated  directly  from  the 
length  of  the  side.    Taking  the  same  example  as  before,  we  have — 
Area  =  S2  x  1-7205  =  6  ft.  9'  x  6  ft.  9'  x  1-7205. 

ft.  ' 

6  9 

The  simplest  method  of  working  this  -1? — 
out  will  be  to  reduce  one  6  ft.  9'  to  primes, 

multiply  these  by  1-72  (the  two  last  places  1'72 
of  decimals  being  neglected),  and  convert  1  62 

the   product  back  to   feet,   primes,   and  56  7 

seconds.  81 

12)139-32 
6  ft.  9'  X  1-72    =     11  ft.  7'  4". 
6  ft.  9'  X  6  ft.  9'  X  1-72  =  6  ft.  9'  x  11  ft.  7'  4"  =  78  ft.  4J-'. 
The  last  step  is  the  same  as  in  Example  18. 

VIII.  To  find  the  area  of  a  circle. 

Rules. — 1.  Multiply  the  square  of  the  diameter  by  '7854  ^or  ^j. 

2.  „  „  „      radius  by  3-1416  (or  tt). 

3.  „  „  „      circumference  by  -08. 

4.  „       the  circumference  by  half  the  radius. 

These  four  rules,  or  modihcations  of  the  same  rule,  are  based  on  the  fact 
that  the  circumference  of  any  circle  bears  a  constant  ratio  to  its  diameter; 
this  ratio  is  denoted  by  the  symbol  tt,  and  is  3-1416,  or  approximately 
-7-  or  3j-.  In  other  words,  if  the  diameter  of  a  circle  is  multiplied  by  3-1416, 
the  product  will  be  the  circumference  of  the  circle;  and  if  the  circumference 
is  divided  by  3-1416,  the  quotient  will  be  the  diameter.  As  the  diameter 
of  a  circle  is  twice  the  radius,  the  second  rule  follows  from  the  first,  thus — 

X  -7854  =  (2r)2  X  -7854  -  4  x       x  -7854  =      x  3-1416. 

Example. — 20.  Find  the  area  of  a  circle  5  ft.  6  in.  in  diameter.  Rule  2  is  the 
simplest  for  general  purposes,  and  will  be  adopted. 
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The  radius  in  this  case  will  be 


5  ft.  6' 


=  2  ft.  9'. 


ft. 

2 

9 

2 

9 

5 

6 

2 

0  9 

7 

6  9 

3i 

22 

8  3 

1 

0  114 

23 

9  2f 

2  ft.  9'  X  2  ft.  9'  X  -Y-  = 
7  ft.  6'  9"  X  31  =  23  ft.  9';^'  nearly. 
The  only  step  to  which  attention  need  be  drawn 
is  the  multiplication  of  7  ft.  6'  9"  by  3i.  Multiply 
first  by  3.  Then  divide  7  ft.  6'  9"  by  7  in  three  stages, 
thus:  (1)  divide  7  ft.  by  7,  and  place  the  quotient  1 
under  the  22  ft.  below;  there  is  no  remainder  to  carry 
forward;  (2)  divide  6'  by  7 ;  the  quotient  is  0  and  is 
placed  under  the  8'  below,  and  the  remainder  6'  is 
carried  forward  and  multiplied  by  12  to  convert  it  into 
seconds  and  the  product  is  added  to  the  9",  giving 
a  total  of  72  +  9  =  81";  (3)  divide  81"  by  7,  and 
place  the  quotient  and  fraction  under  the  3"  below. 

The  following  tables,  containing  the  areas  of  circles  up  to  50  in.  in 
diameter,  will  be  useful,  and  may  be  extended  almost  indefinitely,  with 
sufficient  accuracy  for  ordinary  purposes,  by  the  simple  rule  that  the  areas 
of  circles  vary  directly  as  the  squares  of  their  diameters.  Thus,  if  the 
diameter  of  a  circle  A  is  twice  the  diameter  of  a  circle  B,  the  area  of  A 
will  be  (2  X  2  =)  4  times  the  area  of  B;  if  the  diameter  of  a  circle  c  is 
three  times  that  of  a  circle  D,  the  area  of  c  will  be  (3  x  3  =  )  9  times  the 
area  of  D. 

Example. — 21.  What  is  the  area  of  a  circle  16  ft.  7  in.  in  diameter? 
One-fourth  of  16  ft.  7  in.  is  4  ft.  If  in.  =  49f  in. 

The  area  of  a  circle  49f  in.  in  diameter  is,  according  to  the  table,  1943'9  sq.  in. 
Therefore,  the  area  of  a  circle  16  ft.  7  in.  in  diameter  is 

1943-9  sq.  in.  x  4  x  4  =  31102-4  sq.  in. 

31102-4  01P;0Q 

=  sq.  ft.  =  215-98  sq.  ft. 

144 

A  close  approximation  to  this  can  be  obtained  directly  by  rega,rding  the 
diameters  and  areas  in  the  table  as  being  in  feet.  Thus,  the  area  of  a  circle  16|  ft. 
in  diameter  is  217  sq.  ft.,  while  the  area  of  a  circle  16|  ft.  in  diameter  is  213-8  sq. 
ft.,  the  difference  between  the  two  being  3-2  sq.  ft.  Now  the  difference  between 
16|  ft.  and  16  ft.  7  in.  is  1  in.,  and  that  between  16  ft.  7  in.  and  16-|  ft.  is  h  i"-; 
the  difference  between  16i  ft.  and  16|  ft.  being  H  in. 

Adjusting  these  differences  by  simple  proportion,  we  obtain  li-  :  J  ;:  3-2  :  1-06. 

Deducting  1-06  sq.  ft.  from  217  sq.  ft.,  we  obtain  215-94  sq.  ft. 

This  is  very  nearly  the  same  as  the  area  obtained  by  the  first  and  more  accurate 
method. 

Table  of  Areas  of  Small  Circles,  with  Diameters  advancing 
by  32nds  up  to  1 


Diameter. 


1  ts 


3 


J5_ 
5  2 


_7 
:l  2 


Area.  Diameter. 


-00077 
•00307 
•00690 
•01227 
•01917 
-02761 
•03760 
•04909 


1  tt 


1  B 
1 


11 

a  2 


Area. 


•0621 
•0767 
•0928 
•1104 
•1296 
•1503 
•1726 
•1963 


Diameter. 


1 « 

5 


11 
1  (5 


1  7 

U2" 


2  .-S 
U2 


Area.       Diameter.  Area. 


•2217 
•2485 
•2769 
•3068 
•3382 
•3712 
•4057 
•4418 


1  6 


1  S 


2  7 


2  0 

3  2 


••)  1 

32 


■4794 
•5 1 85 
•5591 
■6013 
•6450 
•6903 
•7371 
•7854 
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Table  of  Areas  of  Circles,  with  Diaimeters  advancing  by  8ths 


Areas. 

Diam. 

Diam. 

•n 
u 

s 

.1 

? 

.3 

•1 

2 

.n 

4 

.7 

g 

0 

•0 

-0122 

-0490 

-1104 

-1963 

-3068 

-4417 

-6013 

0 

1 

'7854 

■9940 

1  SZ  1 

1-484 

1-767 

0  .A"0 

2-405 

/,10V 

1 

2 

3142 

3-546 

3-976 

4-430 

4-908 

5-411 

5-939 

6-491 

2 

3 

7-069 

7-669 

8-295 

8-946 

9-621 

10-32 

11-04 

11-79 

3 

4 

12o7 

13-36 

14-18 

15-03 

15-90 

16-80 

17-72 

18-66 

4 

5 

19-64 

20-62 

21  -64 

zo  /  0 

24-85 

25-96 

27-10 

5 

6 

-8  -/ 

29-46 

OA 

31-91 

33-18 

o4  4/ 

OK 

07-10 
Ol  IZ 

D 

7 

38-48 

39-87 

41  -28 

42-71 

44-17 

45-66 

47-17 

48-70 

7 

8 

50-27 

51-84 

53-45 

55-08 

,56-74 

58-42 

60-13 

61-86 

8 

9 

63-62 

65-39 

67-20 

69-02 

70-88 

72-75 

74-66 

76-58 

9 

10 

78-54 

80-51 

82-51 

00  oy 

88-66 

90-76 

92-88 

10 

1 1 

.AO 

9o  U3 

97  '20 

99-40 

101-6 

103-8 

1  Afi .  1 

1  AO  'A 
lUb  4 

1  1  A«7 

1  1 
1  1 

12 

113-1 

115-4 

117-8 

120-2 

122-7 

125-1 

127-6 

130-1 

12 

13 

132-7 

135-2 

137-8 

140-5 

143-1 

145-8 

148-4 

151-2 

13 

14 

153-9 

156-6 

159-4 

162-2 

165-1 

167-9 

170-8 

173-7 

14 

15 

176-7 

179-6 

182-6 

100  u 

191-7 

194-8 

197-9 

15 

16 

cyriA  .0 

OA'?  -O 

210-5 

213-8 

01  7  .A 

Zl  /  u 

ID 

17 

227-0 

230-3 

2.33-7 

237-1 

240-5 

243-9 

247-4 

250-9 

17 

18 

254-4 

258-0 

261-5 

265-1 

268-8 

272-4 

276-1 

279-8 

18 

19 

283-5 

•287-2 

•291-0 

294-8 

298-6 

302-4 

306-3 

310-2 

19 

20 

314-1 

318-1 

3-22-0 

V^p,  •n 

Oi-U  u 

00\J  V 

.334  1 

.338-1 

342-2 

20 

21 

346  -4 

350  -4 

oo4  0 

.358-8 

363  0 

00/  J, 

Olio 

oio  0 

01 
^1 

22 

.380  1 

384-4 

.388-8 

393-2 

397-6 

402-0 

406-4 

410-9 

22 

2.3 

415-5 

420-0 

4-24 -5 

429-1 

433-7 

438-3 

443-0 

447-6 

23 

24 

452-4 

457-1 

461-8 

466-6 

471-4 

476-2 

481-1 

485-9 

24 

25 

490-9 

495-7 

500-7 

oy)o  i 

515-7 

520-7 

525-8 

25 

26 

530-9 

536-0 

oil  i 

546-3 

551-5 

OoD  / 

00/  ^ 

zo 

27 

572-6 

577-8 

583-2 

588-5 

593-9 

599-3 

604-8 

610-2 

27 

28 

615-8 

621  -2 

626-7 

632-3 

637-9 

643-5 

649-1 

654-8 

28 

29 

660-5 

666-2 

671-9 

677-7 

683-4 

689-2 

695-1 

700-9 

29 

30 

706-9 

712-7 

718-6 

/  0\J  u 

736-6 

742-6 

748-6 

30 

31 

754-8 

760-9 

767  0 

773  1 

779-3 

loo  0 

/yo  u 

32 

804-2 

810-5 

816-9 

823-2 

829-6 

836-0 

842-4 

848-8 

32 

33 

855-3 

861-8 

868-3 

874-8 

881-4 

888-0 

894-6 

901-3 

33 

34 

907-9 

914-6 

921-3 

9-28-1 

9.34-8 

941-6 

948-4 

955-3 

34 

35 

962-1 

969-0 

975-9 

yoy  0 

996-8 

1003-8 

1010-8 

35 

36 

1017-9 

1025-0 

1032-1 

1039-2 

1046-4 

lUOO  0 

1  AfiA.7 

lUoU  / 

1  HfiQ  'C\ 

lUOo  U 

00 

37 

1075-2 

1082-5 

1089-8 

1097-1 

1104-5 

1111-8 

1119-2 

1126-7 

37 

38 

1134-1 

1141-6 

1149-1 

1156-6 

1164-2 

1171-7 

1179-3 

1186-9 

38 

39 

1194-6 

1202-3 

1210-0 

1217-7 

12-25-4 

1233-2 

1241-0 

1248-8 

39 

40 

1256-6 

1264-5 

1272-4 

1280-3 

1288-3 

1-296-2 

1304-2 

1312-2 

40 

41 

1.320-3 

1328-3 

1336-4 

1344-5 

1352-7 

1360-8 

1369  0 

1377-2 

41 

42 

1385-4 

1393-7 

1402  0 

1410-3 

1418-6 

1427-0 

1435-4 

1443-8 

42 

43 

1452-2 

1460-7 

1469  1 

1477-6 

1486-2 

1494-7 

1503-3 

1511-9 

43 

44 

1520-5 

15-29-2 

1537-9 

1546-6 

1.555-3 

1564-0 

1572-8 

1581  6 

44 

45 

1.590-4 

1599-3 

1608-2 

1617-0 

16-26-0 

1634-9 

1643-9 

1652-9 

45 

43 

1G61-9 

1671-0 

1680-0 

1689-1 

1698-2 

1707-4 

1716-5 

1725-7 

46 

47 

1734-9 

1744-2 

1753-5 

1762-7 

1772-1 

1781-4 

1790-8 

1800-1 

47 

48 

1809-6 

1819-0 

1828-5 

1837-9 

1847-5 

1857-0 

1866-6 

1876-1 

48 

49 

1885-7 

1895-4 

1905-0 

1914-7 

19-24  4 

19.34-2 

1943-9 

1953-7 

49 

50 

1963-5 

1973-3 

1983-2 

1993-1 

2003  0 

■2012-9 

2022-8 

•2032-8 

50 
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IX.  To  find  the  area  of  a  sector  of  a  circle 

Rules. — 1.  Multiply  the  length  of  the  arc  by  half 

R 

the  radius,  i.e.  A)"ea  =  A  x  —  . 

2.  Multiply  the  number  of  degrees  in  the  arc  by  the 

area  of  the  circle  of  which  the  sector  forms  a  part,  and 

J.  1  i.  1  o^A  -A  D  X  Area  of  circle 
divide  the  product  by  350,  %.e.  Area  =  . 

A  sector  of  a  circle  is  that  portion  of  a  circle  which 
IS  enclosed  by  two  radii  and  the  arc  or  portion  of  the 
circumference  between  the  radii. 


X.  To  find  the  area  of  a  segment  of  a  circle. 

4H 

3 


Rule.— Are'A  =  ^  x  V  (0  626  H)^  +  C-. 


A  segment  of  a  circle  is  that  portion  of  a  circle  which  is  enclosed  by 
part  of  the  circumference  of  the  circle  and  by  a  straight  line  or  chord  (CC) 
joining  the  ends  of  that  part  of  the  circumference. 

XI.  2'o  find  the  area  of  an  ellipse. 

Rule. — Multiply  the  major  axis  by  the  minor  axis,  and  the  product 
by  -7854. 

The  definition  of  an  ellipse  is  not  easily  understood 
without  explanation,  but  the  rule  given  above  applies 
only  to  true  ellipses  drawn  with  a  trammel  or  similar 
instrument,  and  not  to  quasi-elliptical  figures  drawn 
with  compasses  from  a  number  of  different  centres. 

XII.  To  find  the  area  of  the  surface  of  a  cylinder. 

Rule. — Multiply  the  length  by  the  circumference,  and  add 
to  the  product  the  areas  of  the  two  ends. 

The  ends  of  a  right  cylinder  are  true  circles,  and  are  equal 
to  each  other.    The  area  can  be  found  by  Rule  VIII. 

XIII.  To  find  the  area  of  the  surface  of  a  cone. 

Rule. — Multiply  the  circumference  of  the  base  by  half 
the  slant  height,  and  add  to  the  product  the  area  of  the 
base. 

The  base  of  a  right  cone  is  a  circle,  and  the  area  of 
this  can  be  found  by  Rule  VIII.  , 

XIV.  To  find  the  area  of  the  storface  of  a  frustum. 

Rule. — Multiply  the  sum  of  the  circumferences  of  the  ^c?!i*'' 
two  ends  by  half  the  slant  height,  and  add  to  the  product  ^ 
the  area  of  the  two  ends. 


/ 
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XV.  To  find  the  area  of  the  surface  of  a  sphere. 

Rule. — Multiply  the  square  of  the  diameter  by  3'14159. 

The  area  of  the  surface  of  a  sphere  is  therefore  four 
times  the  area  of  a  circle  having  the  same  diameter  (see 
Rule  VIII). 

D.  VOLUME 

British  Table  of  Cubic  Measure 

1728  cubic  inches  (cu.  in.)  =  1  cubic  foot  (cu.  ft.) 
27    „     feet  =  1  cubic  yard  (cu.  yd.) 

Metric  Table  of  Cubic  Measure 

1000  cubic  millimetres  (mm.^)  =  1  cubic  centimetre  (cm.^  or  c.c.) 

1000    ,,     centimetres  =1    ,,     decimetre  (dm. 2) 
1000    „     decimetres  or     ">         ,    ,  i     r,-       ^    /  ^ 

10  decisteres  |  =  ^  ^^'"^      ^  ^^'^'^  ^^'^^'^        «^  ^"-"^--^ 

10  steres  =  1  decastere 


Conversion  Table 


To  Convert 

Into 

Multiply  by 

Converse. 

Cubic  millimetres 
,,  centimetres 
„  decimetres 

,,  metres 

Cubic  inches 
))  )j 

)'      ,,  feet 
t  yards 

■000061 
•0610 
61-024 
35^3148 
1-307954 

16387 
16-387 
•016387 
•028317 
•764553 

British  Cubic  Measure  is  used  by  the  plumber  in  calculating  the  contents 
of  tanks,  and  for  other  purposes.  As  a  rule,  the  vessels  to  be  measured 
are  either  rectangular,  as  in  the  case  of  ordinary  cisterns  or  tanks  for 
■water,  or  cylindrical,  as  in  the  case  of  pipes  and  hot-water  cylinders. 

XVI.  To  find  the  cubical  content  of  a  rectangular  vessel. 
Rule. — Multiply  the  length,  breadth,  and  depth  together. 

Example. — 22.  Find  the  cubical  content 
in  feet  and  the  capacity  in  gallons  of  a 
rectangular  cistern  measuring  6  ft.  6  in.  by 
3  ft.  8  in.  by  3  ft.  6  in.  inside. 

The  simplest  method  is  that  of  duo- 
decimals. 

The  cubical  content  is  83  cu.  ft.  5',  i.e. 
83j?2  cu.  ft. 

A  cubic  foot  of  water  contains  very 
nearly  6J  gallons,  and  this  is  usually  con- 
sidered sufficiently  correct  for  practical 
purposes. 

Therefore,  83^%  x  6i  =  if#i  x  ^ 


ft.  ' 

6    6  length 
3    8  breadth 


19 

6 

4 

4 

23 

10 

3 

6 

71 

6 

11 

11 

83 

5 

depth 


=  l^o„2_5  _  521-3  gal. 
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I£  the  cubical  content  and  two  of  the  dimensions  of  the  tank  are  known, 
the  third  dimension  can  be  calculated  as  follows: — 

Length  =  cubical  content  -f  (breadth  x  depth); 
Breadth  =        „  »       -r  (length     X  depth); 

Depth     =       „  ,,       -r  (length    x  breadth). 

XVII.  To  find  the  cubical  content  of  a  cylindrical  vessel. 

Ride. — Multiply  the  area  of  one  of  the  circular  ends  by  the  depth  of 
the  vessel.  In  the  ease  of  a  pipe,  the  area  of  the  bore  must  be  multiplied 
by  the  length  of  the  pipe. 

Example. — 23.  Find  the  capacity  in  gallons  of  a  hot-water  cylinder  1  ft.  8  in. 
in  diameter  and  3  ft.  6  in.  high. 

According  to  the  table  on  page  392,  the  area  of  a  circle  20  in.  in  diameter  is 
314-1  sq.  in.  =  2-18  sq.  ft. 

In  this  case  it  is  simpler  to  proceed  by  decimals,  the  height  of  3  ft.  6  in.  being 
altered  to  3-5  ft. 

.-.  2-18  X  3-5  =  7-63  cu.  ft. 
and  7-63  x  6-22  gal.  =  47-5  gal.  or  47i^  gal. 

In  this  calculation  no  allowance  has  been  made  for  the  domed  bottom  and  top, 
but  the  height  given  has  been  assumed  to  be  the  mean  height. 

XVIII.  To  find  the  volume  of  a  right 
cone  or  pyramid. 

Rule. — Multiply  the  area  of  the  base  by 
one-third  of  the  perpendicular  height. 

XIX.  To  find  the  volume  of  a  sphere. 

Rule. — Multiply  the  cube  of  the  dia-  Coiie  .pyramid 

meter  by  0-5236. 

XX.  To  find  the  volume  of  a 
segment  of  a  sphere. 

Rule. — Multiply  the  height  of 
the  segment  by  0-5236,  and  mul- 
tiply the  product  by  the  sum  of  the 
square  of  the  height  and  three 
times  the  square  of  the  radius  of  the  base;  that  is  to  say,  volume  = 
0-5236  H  (R-  +  3R2). 

E.  CAPACITY 

British  Table  of  Liquid  Measure 

4  gills  =  1  pint  (pt.) 

2  pints  =  1  quart  (qt.) 

4  quarts  =  1  g'allon  (gal.) 

36  gallons  =  1  bar  rel 
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British  Table  of  Dry  or  Corn  Measure 

2  gallons  =  1  peck  (pk.) 
4  pecks     =  1  bushel  (bush.) 
8  bushels  =  1  quarter  (qr.) 


Metric  Table  of  Capacity 


10  millilitres  (ml.) 
10  centilitres 
10  decilitres  or 
1000  cubic  centimetres 
10  litres 
10  decalitres 
10  hectolitres 


=  1  centilitre  (cl.) 

=  1  decilitre  (dl.) 

I  =  1  litre  (1.) 

=  1  decalitre  (Dl.) 

=  1  hectolitre  (HI.) 

=  1  kilolitre  (Kl.) 


Conversion  Table 


To  Convert 


Into 

Multiply  by 

Converse. 

Gills 

•70 

1-42 

Pints 

•176 

5^682 

1^75980 

•5682 

Quarts 

■880 

M36 

Gallons 

•219975 

4^5459631 

2^19975 

•4546 

Bushels 

■275 

3-637 

2^75 

•3637 

Quarters 

■34381 

2-909 

Gallons 

219^975 

•004546 

Bushels 

27^5 

•03637 

Quarters 

3^4381 

•2909 

Decilitres 

Litres 

Decalitres 
Hectolitres 

Kilolitres 


The  weight  of  a  gallon  of  -water  is  10  lb.,  and  of  a  cubic  foot  of  -water 
about  62^  lb.  The  -weight  in  lb.  of  the  -water  contained  in  a  tank  can 
therefore  be  ascertained  by  multiplying  the  number  of  gallons  by  10  or 
the  number  of  cubic  ft.  by  62^.  Conversely,  if  the  -weight  of  the  -water 
in  a  vessel  is  known,  the  number  of  gallons  can  be  ascertained  by  dividing 
the  -weight  by  10,  and  the  number  of  cubic  ft.  by  dividing  the  -weight 
by  621. 

Dry  or  Corn  Measure  is  still  occasionally  used  in  the  building  trade  for 
the  measurement  of  cement  and  sand.  The  usual  measure  is  the  bushel, 
but  the  peck  is  occasionally  used.  The  -weight  of  a  bushel  of  cement  varies 
according  to  the  nature  and  condition  of  the  cement,  particularly  the  fine- 
ness of  the  particles.  A  finely-ground  cement  -weighs  less,  measure  for 
measure,  than  a  coarse  cement.  The  -weight  of  a  bushel  of  cement  is 
seldom  less  than  100  lb.  or  more  than  112  lb. 


APPENDIX  IV-TEMPERATURE 


The  accompanying  figure  shows  the  relation  of  the  Fahrenheit  to  the 
Centigrade  thermometer.  To  transform  a  temperature  from  one  scale 
to  the  other  the  following  formulae  are  required: — 

C°  -  f  (F°  -  32), 
F°  =  f  C°  +  32. 

Temperatures  below  zero  on  either 
scale  are  denoted  by  the  minus  sign  — . 
The  Centigrade  zero  is  the  freezing- 
point,  but  the  Fahrenheit  zero  is 
32  Fahrenheit  degrees  (or  17  8  Centi- 
grade degrees)  below  freezing-point. 
The  temperature  —  40°  is  the  same 
on  botfi  scales. 


Melting-points  of  Fusible  Alloys ^ 


iin. 

T  J 

Lead. 

Bismuth. 

Meltinif-point 
Be.:  F. 

2 

3 

5 

199 

1 

1 

4 

201 

3 

2 

5 

212 

4 

1 

5 

246 

1 

1 

1 

255 

2 

2 

1 

292 

3 

3 

1 

310 

4 

4 

1 

320 

3 

1 

330 

2 

1 

340 

4 

1 

365 

1 

1 

370 

6 

1 

380 

4 

7 

420 

8 

15 

430 

1 

2 

440 

8 

17 

450 

4 

10 

470 

1 

3 

480 

4 

14 

490 

8 

33 

500 

1 

5 

510 

4 

25 

520 

4 

30 

530 

1 

10 

540 

1 

12 

550 

1 

25 

560 

100 

95' 

90' 

85' 

80' 

75" 

70' 

O  65' 
Cli 

O  60" 
(0 

55= 


O 

■a 

OS 

£.  ^ 

tuO  45 


50 


40  - 
35°- 
30"- 
25"- 
20°- 
15" 
10°- 
5°- 

0° 

-5°- 
■  10°- 


•15 

-17-8- 


C 


■212°— Boillng- 
Point 

•203° 
•194° 
•185° 
■176° 

•  167° 

•  158° 
■149°  2 

a 

•140°  O 
(O 

131° 

■M 

122° 
113° 

10  1" 
95° 
80° 
77° 
03° 
59° 
50° 
41° 
32°- 
23° 
14° 
5° 


Freezing- 
Point 


0 
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Other  authorities  give  different  melting-points  for  some  of  the  alloys  of 
lead  and  tin;  Hiorns,  for  example,  in  his  book  on  Mixed  Metals,  quotes  from 
Tilden's  Ghem.  Philosophy  the  melting-points  in  degrees  Centigrade  given 
below : — 


Tin. 

Lead. 

Melting-point. 

Deg.  C. 

Deg.  F. 

1 

4 

292 

557 

1 

3 

283 

541 

1 

2 

270 

518 

1 

1 

235 

455 

2 

1 

197 

386 

3 

1 

181 

357 

3-3 

1 

180 

356 

4 

1 

187 

368 

Melting-points  and  Expansion  of  Metals  ^ 


Metals. 

Melting-point. 

Coefficient  of 
Expansion. 

Deg  F. 

Per  deg.  F. 

Aluminium  (pure) 

1300 

•00001235 

Antimony 

810 

•00000601 

Bismuth 

507 

•0000078 

Brass 

1650 

•00001047 

Copper 

1996 

•00000887 

Gold 

2166 

•00000821 

Iron  (cast) 

1920  to  2012 

•00000616 

Iron  (wrought) 

2912 

•00000657 

Lead 

612 

•00001555 

Nickel 

2810 

•00000695 

Platinum 

3080 

•00000493 

Silver 

1832 

•00001063 

Steel  (hard) 

2370 

•00000695 

Steel  (mild) 

2550 

•00000672 

Tin 

446 

•0000121 

Zinc 

736 

•00001636 

Sir  W.  C.  Roberts-Austen,  in  his  Introduction  to  the  Study  of  Metallurgy, 
gives  the  following  melting-points: — Aluminium,  649°  C.  (1560°  F.);  copper, 
1083°  C.  (1981°  F.);  gold,  1063°  C.  (1945°  F.);  lead,  326°  C.  (618°  F.);  platinum, 
1775°  C.  (3227°  F.);  silver,  960°  C.  (1760°  F.);  and  zinc,  418°  C.  (784°  F.). 
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INDEX 


A 

"Absolute"    pressure    of  steam 

defined,  iii,  158. 
"  Abstracting  ",  examples  of,  iii,  303. 
Abyssinian  tube  wells,  i,  237-238. 
Accelerated  circulations,  iii,  219. 
Access  inspection-holes  for  boilers, 

i,  88. 

Access  lids  for  boilers,  ii,  51-52,  62. 
Access  shoes  for  rainwater  pipes,  ii, 
162. 

Accounts,  settlement  of,  iii,  326;  trad- 
ing, iii,  327;  impersonal,  iii,  334; 
closing  of,  iii,  345;  auditing  of,  iii, 
347- 

Accumulators  for  electricity,  iii,  59- 
61. 

Acetylene  gas  (see  under  Gas). 
Acetylite  generator,  iii,  257-258. 
Acts  of  Parliament  bearing  on  the 

education  of  plumbers,  i,  5. 
Ader  receiver  (telephone),  ii,  330-331. 
African  onyx,  i,  30. 
Air,  composition  of  pure,  ii,  86,  87, 

119:  vitiation  of,  by  combustion, 

ii,  90-92,  123;  humidity  of,  ii,  87, 
96,  108,  134:  "plenum  air'',  ii, 
137:  drain,  ii,  141-147:  analysis 
of,  ii,  134:  in  hot-water  apparatus, 

iii,  136. 

Air  change  in  ventilation,  object  of, 
ii,  117:  velocity  and  direction  of, 
ii,  118-119,  124-125;  calculation  of 
amount  of,  ii,  119:  for  hospitals  and 
schools,  &c.,  ii,  120-122;  inlet  and 
outlet  openings,  ii,  122-128:  num- 
ber of,  iii,  102;  for  horticultural 
buildings,  iii,  145. 

Air  cocks  for  radiators,  iii,  136. 

Air  gas,  iii,  261. 

Airlift  for  water,  i,  261:  "mam- 
moth ",  i,  262. 

Air  pipes  (see  under  Pipes). 

Air  valves  (see  under  Valves). 

Air  vessels  for  pumps,  i,  241. 

Alabaster,  uses  and  varieties  of,  i,  30. 

Alarm  bells,  ii,  279. 

Alarms,  burglar,  for  doors  and  win- 
dows of  houses,  ii,  317;  for  shop- 
doors,  ii,  318;  continuous-ringing 
bells,  ii,  319-320;  circuits,  ii,  320- 
322. 

Alarms,  fire,  mechanical  and  auto- 
matic, ii,  322-326:  bells  and  indi- 
cators, ii,  326-327. 

Albion  Clay  Co.'s  "granitic 
stoneware"  pipes,  i,  213-217. 

Albo-carbon  light,  iii,  236-237. 

Alexander's  patent  cisterns,  i,  304. 

Alloys  described,  i,  7,  12;  of  copper, 
i,  23;  of  tin,  i,  24;  used  byplumbers, 
i,  26,  29;  weight  of  square  foot  of, 
'i'l  377;  weight  of  cubic  foot  of,  iii, 


378:  specific  gravity  of,  iii,  378; 
melting-points  of,  iii,  397. 
Alternating-current  arc  lamp,  iii, 

52- 

Aluminium  described,  i,  25;  -oxide, 
i,  25;  -bronze,  i,  23,  25. 

Amalgaline  joints,  i.  Si. 

Amalgam,  term  explained,  i,  7,  24,  26. 

Ames  and  Crosta's  self-adjusting 
pipe  joints,  i,  218-219. 

Ammeter  for  battery  circuit,  iii,  62. 

Ammonium  chloride  (sal  am- 
moniac), i,  38. 

Ampere,  term  explained,  ii,  302. 

Andrews  and  Cameron's  calori- 
fier,  iii,  205. 

Anemometer,  use  of,  ii,  132-133. 

Anti-back-draught  ball  valves,  i, 

Anti-D  trap,  ii,  155.  [303. 

Anti-frost  pipes,  i,  295. 

Anti-siphonage  pipes,  i,  81,  84;  ii, 
147,  235- 

Anti-splash  shoe  (Law's),  i,  209. 
Apex  of  slated  spire,  lead  finial  for, 
i,  142. 

Appendices:  I.  Tables  in  connection 
with  water  supply,  iii,  363-368;  II. 
Trade  lists  of  metal  sheets,  tubes, 
&c.,  iii,  369:  378;  III.  Tables  and 
mensuration,  iii,  379;  IV.  Tem- 
perature, iii,  397. 

Aprons  and  curb-rolls,  i,  65,  133- 
135;  of  skylights  and  trap-doors, 

i,  138,  139. 

Arc  lamps  (see  under  Lamps). 

Archbutt  -  Deeley  water  -  softening 
process,  i,  332. 

Arched-flue  boot-boiler,  ii,  47. 

Archer's  patent  joint,  i,  217. 

Area,  plan  of  drainage,  i,  219:  col- 
lecting, for  rainwater  storage,  i, 
230-232 ;  area  of  inlet  (ventilation ), 

ii,  125-126. 

Argand  gas  burner  described,  iii, 
237-238. 

Armature  of  magnet,  ii,  308;  over- 
heating of,  iii,  58.  [35. 

Armorduct  for  electric  wires,  iii,  34- 

Artesian  wells,  i,  235;  pumping  ap- 
paratus, i,  243-244. 

Artificial  water  lines,  iii,  165. 

Asbestos,  uses  of,  i,  33;  ii,  52:  iii,  86, 

Ashley  pump,  i,  248.  [217. 

Aspirator  valve,  Keith's,  iii,  137. 

Astragal  joint,  for  rainwater  pipes, 
i,  211;  for  soil  pipes,  ii,  232. 

"Astro"  swinging  radiator  de- 
scribed, iii,  96. 

Atkins  patent  automatic  water- 
softener,  i,  331,  332;  filters,  i, 
335-336- 

Atoms  and  molecules  referred  to, 
i,  6. 
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Automatic  air  valves  (see  under 
Valves). 

Automatic  feeders  for  boilers,  iii, 
182. 

Automatic  filters,  i,  333-334. 
Automatic  fire  alarms,  ii,  322-326. 
Automatic  flushing  tanks,  ii,  226, 

257,  268. 
Automatic  frost  valve,  i,  296. 
Automatic  generator  for  acetylene 

gas,  iii,  257. 
Automatic  intercommunication 

system,  ii,  352. 
Automatic  regulator  for  boiler,  ii, 

114:  iii,  123-124,  153,  180-181. 
Automatic  tanks  for  urinals,  ii,  226, 

257,  268. 

Automatic  thermostat,  ii,  324-325. 
Automatic  valves,  iii,  202,  206. 
Automatic  water-softener,  i,  331- 
332- 

B 

Babbitt's  mixtures,  i,  29. 

Back  block,  or  patera,  for  ceiling 
rose,  iii,  19. 

Back-pressure  valves  for  mains,  i, 
270;  for  engines,  iii,  190. 

Bacterial  system  of  sewage  dis- 
posal, ii,  274. 

Baker's  (Lewis)  patent  frost- 
valve,  i,  296. 

Bakers'  ovens,  how  heated,  iii,  156. 

Balance  sheet,  iii,  346-347. 

Balancing  reservoirs,  use  of,  i,  269, 

Ball-and-socket  joints,  i,  267. 

Ball  cocks,  i,  246,  307-309,  314-315; 
for  cisterns,  i,  163  (see  also  under 
Valves). 

Ball  contact  for  alarm  bells,  ii,  317. 

Ball  hydrants,  i,  322. 

Ball  valves  for  pumps,  i,  246;  for 

cisterns,  i,  271,  297,  314,  315. 
Balloon  guards  for  ventilating  pipes, 

ii,  238. 

Banner's  test  for  drain  pipes,  ii,  270. 
Barrel  contact  for  alarm  bells,  ii, 
317- 

Barrel  pump,  position  of,  i,  242-244. 

Base  for  drain  pipes,  il,  263. 

Basins,  patching  broken,  i,  92-93: 
fixing  marble  tops  of,  i,  93:  lava- 
tory, ii,  192, 194, 197;  tip-up,  ii,  200; 
for  water-closets,  ii,  21 1 ;  forurinals, 
ii,  252;  trapped,  ii,  253. 

Baths,  position,  light  and  ventilation 
of,  ii,  179;  materials  for,  i,  i^o-rgi; 
ii,  179,  180;  proper  size  of,  li,  180- 
181 :  enclosed  baths,  roll  edges  and 
safes,  ii,  :8i-i82:  waste  holes, 
plugs,  combined  inlets  and  outlets, 
and  overflows,  ii,  183-185;  traps 
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and  waste-pipes,  ii,  i86 :  ventila- 
tion, ii,  187 ;  water  supply  and 
valves,  ii,  188;  movable,  for  hos- 
pitals, ii,  188;  tip-up,  slnower, 
wave  and  spray  attachments,  ii, 
189- igo;  sitz  and  foot,  ii,  191- 
192. 

Baths,  swimming,  apparatus  for 
warming,  iii,  211-213;  formula  for 
finding  size  of  boiler  required,  iii, 
212;  rate  at  which  the  water  is 
cooled,  iii,  213. 

Bats,  projecting  holder,  i,  207-208. 

Bat's-wing  gas  burner,  iii,  235. 

Batteries,  steam,  in  heating  appa- 
ratus, ii,  115. 

Battery,  electric,  ii,  299-300;  various 
types  of  cells,  ii,  300-303  ;  current 
and  pressure,  ii,  302 :  coiutection 
of  cells,  ii,  302-304:  management 
of,  iii,  6r:  room,  iii,  62. 

Bayliss  grip  connector,  iii,  37. 

Bed-pan  flusher,  ii,  242 

*'  Bee"  disc  water-meter,  i,  290. 

Bell,  magneto-,  for  long-distance  tele- 
phony, ii,  357. 

Bell-metal,  i,  23,  28. 

Bells,  alarm,  ii,  279. 

Bells,  electric,  ii,  299-316  passim; 
essential  parts  of,  ii,  308  -  309 : 
pushes,  ii,  309 :  various  types  of, 
ii,  310-312:  circuits  and  indicatoi's, 
ii,  31 2-316  (see  also  under  Alarms). 

Bells,  mechanical,  crank-and-wire 
system,  ii,  277 :  wiring,  tubing, 
and  fittings,  ii,  278-279,  290: 
house,  shop-door,  and  alarm,  ii, 
279-280:  boards,  wire,  and  tubing, 
ii,  280-282:  pulls  and  levers,  &c. , 

ii,  282-286 ;  handles  and  cranks, 
carriages  and  springs,  &c.,  ii,  287- 
290. 

Bells,  pneumatic,  ii,  290,  291. 

Bell  telephone  (see  under  Tele- 
phone-. 

Bell  trap  for  sinks,  ii,  151. 

Benches  for  plumbers,  i,  49,  56. 

Bending-bolt,  i,  46. 

Bending  brass  and  copper  tubes, 
i,  89:  iii,  85. 

Bending  iron  pipes,  i,  86-87. 

Bending  larger  pipes  (soil  pipes, 
&c.),  i,  71-73. 

Bending  lead  pipes,  methods  of,  i, 
70-71. 

Bends  for  pipes,  i,  156,  219-220,  224, 
276:  in  soil  pipes,  ii,  234:  in  drain 
pipes,  ii,  264  ;  in  hot-water  pipes, 

iii,  87,  173. 
Eenzol,  use  of,  iii,  225. 
Berkefeld  filters,  i,  339,  341-342. 
Bessemer  process  of  manufacturing 

steel,  i,  i8. 
Eevel,  use  of,  i,  43. 
Bib  cock,  i,  308-311;  ii,  68:  taps  and 

valves,  i,  308. 
Eidet,  a  form  of  sitting-bath,  ii,  191. 
Bijou   incandescent    burner,  iii, 

241. 

Bill  Book,  iii,  329. 

**  Billing",   examples  of,  iii,  304, 

315-318. 

Billwiller's  acetylene  burner  de- 
scribed, iii,  259. 

Bird's-mouth  socket  pipe,  i,  117. 

Bits,  or  bolts,  for  soldering,  i,  46;  iii, 
280. 

Black's  (Dr.)  experiments  with 
latent  heat,  ii.  s 

Black's  pneumatic  bell  and  speak- 
ing-tube, ii,  291. 


Block  boiler,  ii,  46. 

Block  joint,  how  made,  I,  73-76;  ii, 

2  32. 

Block-tin  pipes,  sizes  and  weight  of, 
iii,  377- 

"  Blooms  "  in  puddling,  i,  17. 

Blow-lamps,  used  by  plumbers,  i,  51. 

Boards,  bell,  ii,  280. 

Bobbins,  use  of,  i,  44. 

Boiler,  or  copper,  plumber's,  for 
melting  lead,  &c.,  i,  50-51. 

Boilers,  side,  ii,  10-11;  kitchen  and 
"  independent  ",  ii,  26-27,  34,  44, 
54;  iii,  115;  deposits  in,  ii,  30-33: 
materials  of,  ii,  44-46,  54;  iii,  115; 
varieties  of,  ii,  46-50;  draw-off  taps 
and  access  lids,  ii,  50-52  ;  packing 
and  removal  of  deposits,  ii,  52  ; 
connections  and  their  position,  ii, 
52-54;  explosions  and  their  causes, 
ii'  55i  56;  safety  valves,  their  varie- 
ties and  position,  ii,  56-60:  iii,  125, 
189:  steam  boiler  for  heating  ap- 
paratus, ii,  114,  117  ;  fire  bars  of, 
iii,  121;  chimneys,  iii,  122;  cocks, 

i,  314- 

Boilers,  low-pressure,  hot-water, 

efficiency  and  varieties  of,  iii,  108- 
125;  medium  -  pressure  hot-water, 
iii,  153-154;  safety  valves  for,  ii, 
56-60;  iii,  125. 
Boilers,  low-pressure  steam, 
general  remarks,  iii,  177:  formula 
for  determining  size,  iii,  178;  horse- 
power, iii,  179;  steam  drums,  lii, 
179;  varieties  of,  iii,  179-180: 
high -pressure  steam,  and  size  of 
chimney,  iii,  180 ;  draught  regu- 
lators, iii,  123-124.  153,  180-181: 

ii,  114;  water-gauges,  iii,  182;  in- 
jcctois  and  steam  traps,  iii,  183- 
185 ;  strainers  and  return  steam 
traps,  iii,  185-187 ;  pump  gover- 
nors, pump,  and  pressure-reducing 
valves,  iii,  187-188  ;  safety  valve 
for,  iii,  189. 

Boiling  water,  temperature  of,  i, 

200;  iii,  158. 
Bolt  pulls  for  bells,  ii,  283. 
Bolts  for  soldering,  i,  46;  iii,  280. 
Book-keeping,   accounts,   &c. ,  iii, 

326-347   (see  also  under  special 

entries). 

Booster  (auxiliary  dynamo),  iii,  59,  61. 

Boot  boiler,  ii,  47. 

Boots  for  rainwater  pipes,  i,  209. 

Borax,  use  of  in  plumbing,  i,  37. 

Bored  joints,  i,  266. 

Bored  wells,  i,  238. 

Bossing  a  break  and  curb,  i,  118- 

I2t:  of  finial  work,  i,  144-145:  the 

corners  of  a  drip,  i,  iii. 
Bossing-mallet,  i,  42  ;  -stick,  i,  42, 

118. 

Bought  Ledger,  iii,  328,  332. 
Bower- Barff  process  for  protecting 

metal  pipes,  &c..  i,  14, 19;  ii,  45, 149. 
Box  boiler,  ii,  46. 
Box  coil,  iii,  93. 
Box-wood  rule,  i,  43. 
Boyle's  law,  ii,  84-85. 
Braby's  corrugated  iron  sheets,  i,  189; 

copper-covered  dome,  i,  182;  zinc 

sheets,  i,  189;  zinc  roof  glazing,  iii, 

292,  293. 

"  Bracket  "  water-closets,  ii,  223. 
Brackets  for  gutters,  i,  202;  wall  gas, 

iii,  231. 

Branch  circuits,  electric,  iii,  10; 
number  of  lamps  on,  iii,  10;  wires 
for,  iii,  11;  hot-water,  iii,  91-92. 

Branch  fuses,  iii,  25. 


Branch  joints,  how  made,  i,  76. 

Branch  services  (water  supply),  i, 
292-299.  (See  also  under  various 
headings.) 

Branches,  or  T-pieces,  i,  276  ;  hot- 
water,  ii,  12,  23. 

Brass,  its  chemical  characteristics, 
properties,  manufacture,  and  uses, 
i,  26-27. 

Brass-to-lead  joints,  i,  77. 

Bray's  gas  burners,  iii,  235. 

Brazing,  process  of,  i,  27. 

Break-pressure  tanks,  i,  272-273. 

"Breaks"  in  lead-work,  i,  63-64, 
118-121. 

Brill's  (G.  M.)  values  of  tests  on 

pipe-covering  materials,  iii,  217. 
Britannia  metal,  i,  23,  24,  26,  29. 
British   Challenge  lead  glazing 

system,  iii,  286-289. 
British  Luxfer  Prism  Syndicate 

glazing  system,  iii,  292,  293. 
British  thermal  unit,  iii,  102. 
Brock's    patent    chain    tongs,  or 

wrench,  iii,  226. 
Bronze  described,  i,  23,  28. 
Brush  lamp,  electric,  iii,  45. 
Bucket  in   pumps,  i,  239;  brass 

pump  described,  i,  245. 
Bullion,  or  knots,  in  crown  glass,  iii, 

271. 

"  Bundy  Jewel "  low-pressure  steam 

boiler,  iii,  179. 
"  Bundy"  return  steam  traps,  iii, 

186-187. 

"  Bundy  Tubular"  boiler,  iii,  180. 

Bunsen  burner,  ii,  73. 

Burglar  alarms  (see  Alarms). 

Burners,  gas  yimton  jet,  bat  s-ivingy 
and  stit-uiiion,  iii,  235;  governor, 
iii,  236;  regenerative  and  Argand, 
iii,  237:  ventilating  and  incandes- 
cent, iii,  238-240;  inverted  incan- 
descent, iii,  240-241:  tests  for 
different  burners,  iii,  243-244; 
flat-flame  and  incandescent  com- 
pared, iii,  244;  for  fires  and  stuves, 
iii,  249:  for  acetylene  gas,  iii,  259; 
for  oil  gas,  iii,  261;  for  geysers,  ii, 
73- 

Burnett's  rocket  for  testing  drain- 
pipes, ii,  271. 

Burning,  lead,  jointing  by,  i,  69,  98; 
apparatus  for,  i,  99 ;  process  de- 
scribed, i,  too;  burned-in  flashings, 
i,  loi:  in  stone-work,  i.  153. 

Burst  water-pipe,  repairing  a,  i,  90. 

Butts,  water,  i,  227. 

By-passes,  ii,  23;  gas,  iii,  230;  for 
street-lamps,  iii,  246. 


c 

Cabinet  lavatories,  ii,  201. 
Cabinet  urinals,  ii,  253. 
Calamine  (zinc  ore),  i,  24. 
Calcium  carbide  for  acetylene  gas, 

how  manufactured,  iii,  254-255. 
Callipers,  i,  47. 

Calorie  (Continental  heat  unit),  iii, 
102. 

Calorific  value  of  steam,  ii,  5-6,  36. 
Calorifiers,  or  steam  heaters,  ii,  38, 

40-44;  iii,  203-206. 
Calvert   &  JohpFon's  tests  as  to 

hardness  of  bronze,  i,  28. 
Cames,  lead,  iii,  280-281;  steel-cored, 

iii,  283. 
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Candy's  patent  automatic  filters, 

'>  333-334- 
Canvas  screens  for  filtration,  ii,  104. 
Caps  for  closing  pipe  ends,  i,  277. 
Carbon  dioxide  (carbonic  acid)  in  the 

air,  ii,  87;  its  nature,  ii,  88-90; 

amount  of,  ii,  119;  how  tested,  ii, 

135- 

Carbon-filament  lamps,  iii,  3. 

compared  with  the  Nernst,  iii,  5-6. 
Carbons,  cored,  for  electric  lamps, 

iii,  47. 

Carburene,  use  of,  iii,  225. 

Carburetted  water  gas,  how  ob- 
tained and  used,  iii,  224. 

Carpenter's  (Pruf. )  table  of  heat 
units,  iii,  104;  results  from  testing 
pipe-covering  materials,  iii,  218. 

Carriages  for  bells,  ii,  288. 

"  Cascade"  or  "spray"  lavatory,  ii, 
195. 

Cash  Book,  iii,  327;  petty,  iii,  329. 
Cast  iron  (see  under  Iron,  and  Pipes). 
Cast  lead  (see  under  Lead). 
Catch-pit  for  rainwater,  i,  224. 
Cathedral  glass,  iii,  271. 
Caulked  joints,  ii,  232. 
Caulking  tools,  i,  48. 
Ceiling  roses  for  electric  wires,  iii, 

16,  17-18,  31;  plates,  iii,  22. 
Cells,  electric,  ii,  299-304;  iii,  62. 
Cement,  Portland,  its  uses,  properties, 

composition,  &c.,  i,  33-34;  ii,  232; 

-mortar,  i,  34;   -concrete,  i,  35  ; 

elastic,  i,  35  ;  plaster  of  Paris,  i, 

35;  rust,  i,  35. 
Cementing  in  leaded  glass,  iii,  281- 

282. 

Centre  light  (gas),  arrangements  for, 
iii,  231. 

Centrifugal  pumps  described,  i,  249- 
250. 

Cerussite  (lead  ore),  i,  8. 
Cesspool,  working  up  a,  i,  59-61; 

soldered,  i,  61;  construction  of,  i, 

115-117. 

Chain  and  wheel  cranks  for  bells, 

ii,  287. 

"Challenge"  boiler  described,  iii, 
119. 

^'  Champion  "  geyser,  ii,  72. 
Chance  Brothers,  Messrs,  only  firm 

manufacturing  crown  glass,  iii,  271. 
Channels  for  man-holes,  i,  219- 

220:  floor  for  urinals,  ii,  250;  for 

hot-water  pipes,  iii,  132. 
Charcoal  for  filtering,  i,  336. 
Chase-wedge,  use  of,  i,  42-43. 
Check  springs  for  bells,  ii,  290. 
Check  valves  for  pumps,  i,  254;  iii, 

169. 

Chemical  method  of  sewage  dis- 
posal, ii,  273-274. 

Chimney,  boiler,  iii,  122,  180;  draught 
of,  how  found,  iii,  122. 

Chipping-knife,  i,  43. 

Churches,  heating  of,  iii,  131-133, 
210;  ventilation  of,  iii,  133. 

Circuits  (alarm  bells\  ii,  320-321;  for 
electric  lighting,  iii,  10. 

Circular-backed  urinals,  ii,  251. 

Circulation  in  hot-water  apparatus, 

iii,  77-84;  hot-water,  below  boiler, 
ii,  29:  pipes,  primary,  ii,  16,  68; 
crossed,  iii,  155. 

Cistern,  soldering  a,  i,  68,  69  ;  lead- 
lined,  i,  160-163;  materials,  i,  299- 
30t;  size  and  protection  of,  i,  301, 
302,  iii,  138,  141;  varieties  of,  i, 
302-304 ;  overflow  and  waste-pipes 


of,  i,  163,  305-307  ;  flushing  of,  i, 
307;  fittings,  iii,  140;  wooden,  for 
rainwater,  i,  227 ;  siphonic,  for 
water-closets,  ii,  219;  jointing  to, 
i,  88;  lining  of,  i,  100;  overflow 
valves  (Jones's),  i,  296. 

Clack  valves  of  pumps,  i,  239. 

Clarke's  test  for  hardness  in  water, 
i,  199;  system  of  softening  water, 
i,  328;  ii,  9,  30. 

Cleansing-arm  stoppers,  ii,  161. 

Cleansing  screws  for  traps,  ii,  155. 

Clips  (iron  or  brass  for  fixing  pipes, 
i,  81,  207,  294:  ii,  237. 

Closed  cisterns,  i,  302. 

Closets  (see  under  Water-closets). 

Clutch  lamp  (electric),  iii,  45. 

Clyburn  shifting  spanner,  tise  of, 
iii,  226. 

Cocks  and  valves  fully  described, 
h  307-320;  iii,  136-138.  (See 
under  Valves.) 

Coefficients  of  expansion  of  metals, 
iii,  398. 

Coffins,  lead,  i,  163-165;  zinc,  i,  165. 
Coils,  or  radiators,  ii,  17-19;  iii,  93- 

98;  for  hotels,  iii,  130. 
Coke  screens,  ii,  105. 
Cold-supply  pipe  to  cylinders,  ii,  69. 
Cold-supply  tanks,  ii,  63. 
Colic,  painters',  i,  13. 
Coligny  -  Welch  lamp  for  oil  gas, 

iii,  261. 

Collapsing  of  cylinders,  ii,  62. 
Collecting  area  for  rainwater  storage, 
i,  230. 

Colleges,  technical,  for  plumbers,  i, 
4,  5- 

"  Colonial  "  boiler  described,  iii, 
112. 

Combination  closets,  ii,  223. 

Combination  lamps  (electric',  iii,  6. 

Combined  heating  and  ventilat- 
ing systems,  iii,  99. 

Combined  inlets  and  outlets  for 
baths,  ii,  184. 

Combined  pneumatic  bell  and 
speaking-tube,  ii,  291. 

Combined  slop  and  housemaid's 
sink,  ii,  239-240. 

Combined  steam  and  hot-water 
heating,  iii,  206-209. 

Combined  system  of  live  and  ex- 
haust steam  heating,  iii,  194. 

Combined  throttle  and  steam 
valve,  iii,  195. 

Compasses  used  by  plumbers,  i,  47. 

"Compo"  pipes,  tinned,  how  made, 
i,  70;  use  of,  11,292;  for  gasfitting, 
iii,  227. 

Compounds  and  elements,  distin- 
guished, i,  6;  containing  lead,  i,  12. 

Compressed  joints,  ii,  232. 

Comyn  Ching  &  Co.'s  mouth- 
piece for  speaking-tubes,  ii,  293. 

Condensation,  water  of,  iii,  166-167, 
192,  196. 

Condensation  -  channel  for  sky- 
lights, i,  139:  iii,  277,  283. 

Condensing  gas  stove,  iii,  250-251. 

Conducting  power  of  substances, 
table  of,  iii,  76. 

Conduction  of  heat,  ii,  6,  83,  92;  iii, 
75- 

Conductors  (electric),  sizes  and  cur- 
rents allowed,  iii,  12-14. 

Conductors  (rainwater  pipes),  i,  201. 

Conduits  for  conveying  water,  i,  269; 
for  electric  wires,  111,29-35;  fittings, 
I        iii,  37- 


Cone  joints  for  lead  pipes,  i,  278. 

Conical  disc  valves,  i,  246. 

Conical  roll  system  for  laying 
copper,  i,  179. 

Conical  silvered  lamp  for  shop- 
window  lighting,  iii,  10. 

Connection  box  (electric),  iii,  20-21. 

Connectors  for  wrought-iron  pipes,  i, 
87;  Hack's,  i,  283;  Hayliss  grip,  iii, 
37;  for  gas  mains,  iii,  228. 

Constant  -  stream  lavatories,  ii, 
194-196. 

Contacts  for  alarm  bells,  ii,  317-318. 

Continuous-ringing  bells,  ii,  319, 

Convection  of  heat,  ii,  6-7,  92-94; 
iii,  68,  76. 

Convector  heater,  iii,  70. 

Converter,  use  of  explained,  i,  18. 

Cooking  gas  stoves,  iii,  254. 

Copper,  chemical  characteristics  and 
properties,  i,  20,  171;  manufacture 
and  uses  of,  i,  21-22:  nails,  i,  21: 
tubes,  i,  22-23;  alloys,  i,  23;  pipes, 
i,  89 ;  its  advantages  compared 
with  lead,  i,  171-173,  176;  its  dura- 
bility, expansion,  contraction,  and 
melting-point,  i,  172;  its  cost  and 
market-price,  i,  172-174;  where 
obtained,  i,  174  ;  for  roofing,  i, 
177-182;  for  domes,  i,  182-184: 
for  pipes,  i,  89,  90,  253 ;  ii,  66, 
292;  iii,  84,  85;  for  baths,  i,  igo, 
191;  ii,  179;  for  cylinders,  ii,  6r; 
for  boilers,  ii,  44-45;  iii,  115;  for 
sinks  and  ventilators,  i,  192 ;  for 
wire  electric-bell  work,  ii,  304;  di- 
mensions and  weight  of  sheet,  iii, 
375' 

Copper,  or  boiler,  for  plumbers,  i,  50- 
51- 

Copper  bit,  i,  46;  iii,  280. 
Copper-bit  joint,  how  made,  i,  73. 
Copper  soldering-tools,  i,  46;  iii, 

280. 

"Corbel"  water-closets,  ii,  223; 

sinks,  ii,  243. 
Cord  grips,  iii,  22. 
Core,  use  of,  i,  10,  16. 
Cored  carbons  for  arc  lamps,  iii,  47. 
"  Corner",  or  external  angle,  i,  63: 

bossing,  i,  iii. 
Cornices,  lead  coverings  for,  i,  151- 

154- 

Cornish  boiler,  ii,  114;  iii,  112. 
Corrosion  of  metals  by  water,  ii, 

9-10;  of  boilers,  iii,  216. 
Corrugated-iron  roofing,  i,  188-190. 
Corundum,  i,  25. 
Cottage  pan  closet,  ii,  209. 
Cowls  for  ventilating  pipes,  ii,  238. 
Cranks,  bell,  ii,  286, 
"Creeping"  tendency  of  lead  on 

roofs,  i,  172. 
Cresting  for  ridges  and  hips,  i,  97. 
"  Criton  "  water-softener,  i,  332. 
Crown  glass,  iii,  271. 
Cup  joint  described,  i,  73. 
Cup  leathers  for  pumps,  i,  245,  248. 
Cupellation,   process  for  removing 

silver  from  lead,  i,  9. 
"Cupola",  or  blast-furnace,  use  of, 

i,  16. 

Curb,  method  of  workinga,  i,  120-121. 

Curb-rolls  and  aprons,  i,  133-135.  138. 

Current,  electric,  ii,  302:  amount  for 
ordinary  carbon-filament  lamps,  iii, 
3-4:  for  direct  and  alternating,  iii, 
6;  for  independent  installations,  iii, 
8,  10;  density  of,  iii,  12-14. 

Currents,  convection,  ii,  7. 
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Curved  glass,  iii,  274. 
Cutters,  pipe,  varieties  of,  i,  53,  86; 
iii,  227. 

Cutting  glass,  method  and  hints,  iii, 
260-269. 

Cutting  knife  for  glaziers,  iii,  279. 

Cycling  lamps,  acetylene,  iii,  258. 

Cylinder  system  for  hot-water  ser- 
vice, ii,  14-22. 

Cylinder-and-tank  system,  ii,  22- 
29;  cylinder  and  tank  compared, 
ii,  19. 

Cylinders  (hot-water),  size  and  con- 
tents of,  ii,  2Q,  60-6 1 ;  materials  of, 
ii,  61-62;  access  lids  and  unions, 
ii,  62;  "  collapsing"  of,  ii,  62-63. 


D 

"Daisy"  heater  (Warden  King  & 

Son's)  described,  iii,  119. 
Damper,  horizontal  sliding,  for  flues, 

ii,  112,  116. 

Dash  pots  for  arc  lamps,  iii,  45. 
Day  Book,  Sales,  iii,  527,  328,  333. 
Deacon's  waste-detecting  meters, 

i,  291. 

Dead  -  weight    safety   valve  de- 
scribed, ii,  57. 
Decorative  glass,  various  kinds  of, 

iii,  273. 

Defects  and  faults  in  hot-water 

systems,  ii,  71. 

Delivery  Book,  iii,  330. 

"Djlta"  hot-water  boiler,  iii,  112. 

Density  of  current,  iii,  12-13. 

Departmental  Expenses,  calcula- 
tion of,  iii,  351^353- 

Deposits  in  boilers,  ii,  3°.  S^- 

Dial  of  water-meters,  how  read,  i, 
290-291. 

Diamond  for  cutting  glass,  iii,  266. 

Dies  and  stocks,  i,  53;  for  gas- 
fitters,  iii,  225. 

Dipping,  or  trapping  of  hot  ■  water 
pipes,  iii,  80-84. 

Dips,  or  traps,  in  feed-pipes,  use  of,  iii, 
140,  143,  149;  dip  trap  (Mason's), 

ii,  152.    (See  under  Traps.) 
Direct-action  water-meter  (Ken- 
nedy's), i,  284-286. 

Disc  safety  valve  described,  ii,  58. 
Disconnecting  traps,  ii,  156. 
Distillation  of  water,  i,  200. 
"  Distressing"  of  sheet-lead,  i,  in. 
Dome-top  boilers  described,  iii,  116. 
Domes  and  towers,  lead-work  on, 

i,  140-151:  copper-work  on,  i,  182- 

184;  glaznig,  iii,  288. 
Door  glazing,  iii,  278. 
Door  plates,  professional,  ii,  295. 
Dore's  piercing  machine  for  copper 

tubes,  i,  22. 
Dormer  windows,  lead  covering  of, 

i,  135-137- 
Dormitories,  ventilation  for,  ii,  121- 

122. 

Double  -  acting    lift  -  and  -  force 

pump,  i,  242. 
Double-beat  valves,  i,  247. 
Double-pole  bell  receiver,  ii,  330- 

331- 

Double -seal  joint  for  drain-pipes 
(Tyndale's),  i,  216. 

Double  steel  socket  joint,  i,  269. 
Double  -  throw  pumping  appa  - 
ratus,  i,  244. 


"Doubling",  or  "springing",  use 
of,  i,  62. 

Douche  apparatus  for  baths,  ii,  190. 

Doulton's  self-adjusting  joint  for 
drain  pipes,  i,  216;  filters,  i,  338: 
stoneware  drain  pipes,  ii,  262. 

Down  pipes  (rainwater),  i,  201,  206, 
212. 

Downward  method  of  ventilation, 
ii,  123. 

Dowsing  "  solarium  "  (electric  sun- 
bath),  iii,  72. 

Drain  air,  ii,  141-142. 

Drain  pipes  (see  under  Pipes). 

Drain  tester,  Kemp's,  ii,  270. 

Drain-ventilating  pipes,  ii,  238. 

Drainage  (rainwater),  plan  of  area,  i, 
219. 

Drainers  for  sinks,  ii,  173,  242. 

Drains,  combined  or  separate  system 
of  drainage,  ii,  258;  qualifications 
of  a  good  drain,  traps,  drains  out- 
side buildings,  their  size,  fall,  and 
materials,  ii,  259,  260 ;  pipes,  ii, 
260-262  ;  base,  protection,  and 
junction,  ii,  263  ;  bends  and  inter- 
ceptors, ii,  264;  inspection  cham- 
bers, stoneware  channels  and 
covers,  ii,  265-267  ;  ventilation, 
flushing  tank,  traps,  &c. ,  ii.  267- 
268;  rainwater  connections,  ii,  268, 
269:  drainage  plates  described,  ii, 
269. 

Drains  for  rainwater,  i,  213:  pipes, 
i,  213-214:  joints  in,  i,  214-220; 
preparing  the  trenches,  i,  220-221; 
laying  the  pipes,  hydraulic  test,  fill- 
ing in  the  trenches,  i,  221-222; 
gullies,  catch-pits,  &c. ,  i,  222-224. 

Draught  -  regulator,  automatic,  for 
hot -water  boilers,  iii,  123;  for 
steam  boilers,  iii,  180-181. 

Draw-knife  for  lead-cutting,  i,  43. 

Drawing-in  boxes,  iii,  33. 

Drawing -in  system  of  wiring,  iii, 

32- 

Draw-off  taps   for  boilers,  ii,  50 ; 

sinks,  ii,  242. 
Draw-out  pulls  for  bells,  ii,  282. 
Drawn-lead  pipes,  i,  70,  155. 
Dressers  for  plumbers,  i,  41-42. 
Drinking-water  taps,  position  of, 

i,  298. 
Drip  sinks,  ii,  168. 
"Drip-trays"  (lead  safes),  i,  165, 

168. 

Drips,  i,  62,  107  ;  various  forms  of, 

i,  109,  123,  186,  204. 
Driving-weights,  use  of,  described, 

i.  44- 

Drop  light  (gas),  arrangements  for, 
iii,  231. 

"  Drop  "  pressure  on  electric  wires, 

iii,  11-12. 
Drum  screens,  ii,  106. 
Drums,  steam,  iii,  179. 
Drying  oil,  i,  37. 

Drying-rooms,  ho\v  heated,  iii,  156, 
213-215. 

D-shaped  basins  for  lavatories,  ii, 

193. 

D-traps,  ii,  150-151. 
Dual  valves,  ii,  244. 
Duck's-foot  bend,  i,  292. 
Ducts  and  flues,  in  ventilation,  ii, 

109-114,  126. 
Dummies,  plumber's  use  of,  i,  44,  52. 
Duodecimal  system,  iii,  382-384. 
"  Duplex  "  pump  (Worthington),  iii, 

188. 


"Dutch  brass",  composition  of,  i, 
26. 

Dutch  process  of  manufacturing 
white-lead,  i,  12. 

Dwarf  wash-down  closets,  ii,  228. 

Dynamos,  iii,  54-58;  overheating  and 
sparking,  iii,  58 ;  belts,  accumu- 
lators, cells  and  plates,  iii,  59-60' 
use  of  a  booster  and  ammeter, 
battery  management  and  battery 
room,  iii,  61-62;  switchboards  and 
voltmeters,  iii,  62-67. 


E 

Ear  bands,  or  clips,  i,  207. 
Earthenware,  uses  of  in  plumbing, 

i,  31 :  for  pipes,  ii,  150. 
Earthing  of  pipes  (electric),  iii,  41- 

42. 

Eaves  gutters,  cast-iron,  i,  201; 
varieties  of,  i,  202;  fixing  of,  i,  203- 
204 :  cleansing  and  painting  of,  i, 
204-206:  gratings  for,  i,  210:  zinc 
and  lead,  i,  210-211:  size  and  de- 
tails for  ordering,  i,  212-213. 

"Eclipse"  glazing,  Mellowes  & 
Co.'s,  iii,  291. 

Economizer  for  gas  burners,  iii,  235. 

"  Edison  Lalande"  cells,  ii,  322. 

Education,  technical,  of  plumbers,  i, 
5- 

Elbows,  for  rainwater  pipes,  i,  156; 

for  speaking-tubes,  ii,  293. 
Electralite  lamp,  iii,  9. 
Electric  battery  (see  Battery). 
Electric  bells  (see  Bells). 
Electric  current  (see  Current). 
Electric  heating  and  heaters,  iii,  67- 

72. 

Electric  lighting,  iii,  3-67  (see  under 
Lighting). 

Electric  telephones  (see  Tele- 
phones). 

Electrical  installation,  indepen- 
dent, iii,  8  ;  generating  plant,  iii, 
54-67:  heating  apparatus,  iii,  71. 

Electricity  as  motive  power  for 
pumps,  i,  257-258;  for  ventilation, 

ii,  103. 

Electro-magnets,  ii,  307. 

Electro-plating,  process  of,  i,  29. 

Electroliers,  iii,  20. 

Electrolite,  term  explained,  ii,  299. 

Elements  and  compounds  distin- 
guished, i,  6. 

Embossed  plate  glass,  iii,  270. 

Emery,  uses  of,  i,  25. 

Emptying  pipes,  means  of,  i,  293. 

Emptying  stop  cock  (Garratt's),  i, 
293- 

Enamel,   metallic,   its  uses,   i^,  19; 

varieties  of,  i,  20;  for  pipes,  ii,  149. 
Enamelled  glass,  iii,  270. 
Enclosed  arc  lamp,  iii,  50. 
Enclosed  baths,  ii,  181. 
"Enclosed"  cisterns  (Harding  & 

Son's),  i,  303. 
Enclosed  slop  sinks,  ii,  242. 
Encrustation  of  boilers,  ii,  55  ;  iii, 

215;  of  urinals,  ii,  258. 
Engines,  oil,  for  driving  pumps,  i, 

258:  gas  and  hot-air,  i,  258;  ii,  loi- 

103:  wind,  i,  259-260;  steam,  for 

ventilation,   ii,    loi ;  for  driving 

dynamos,  iii,  54-57. 
"English  brass",  composition  of, 

i,  26. 

I  Escape  valves  on  mains,  i,  271. 


Escapes,  gas,  how  detected,  Hi,  232. 

Estimates,  specifications  and  quanti- 
ties, iii,  297-318. 

"European"  sectional  boilers, 
(Hartley  &  Siigden),  iii,  117. 

Evaporating  troughs,  iii,  144. 

Evaporation,  a  cause  of  unsealing 
traps,  ii,  146. 

Ewart's  conical  -  roll  system  of 
copper  rooting,  i,  179-180;  zinc 
tile  roofing,  i,  188. 

Exelite  lamp,  iii,  9. 

Exhaust  steam  heating,  iii,  189- 
195. 

Expansion  and  contraction  in  hot- 
water  pipes,  i,  87;  iii,  87;  in  copper 
and  iron  pipes,  ii,  67,  58;  of  water, 

ii,  3-4  ;  of  copper,  i,  172  ;  coeffi- 
cients of  expansion,  iii,  398. 

Expansion  of  gases,  ii,   145;  of 

water,  iii,  150. 
Expansion-joints  in  pipes,  i,  79,  267; 

iii,  87-88. 

Expansion  pipe  (cylinder  system), 

ii,  14,  15,  69. 
Explosions,  boiler,causes  of,  ii,  55-56. 


F 

Factories,  hot-water  supply  for,  ii, 
43  ;  water-closet  accommodation, 

ii,  205,  222,  224:  arrangements  and 
methods  of  heating,  iii,  189,  210- 
211, 

*'  Fall  "  in  drips,  i,  108. 

Fans,  revolving,  for  ventilation,  li, 

100-104. 

Faucets,  sliding  (  Mactarlane's),  i,  207. 

Faults  and  defects  in  hot-water 
system,  ii,  71;  in  sanitary  plumb- 
ing, ii,  141. 

Feed  pipes,  iii,  140. 

Feeders,  automatic,  for  steam  boilers, 

iii,  182. 

Felt,  use  of  for  copper  roofing,  i,  177; 

for  zinc,  i,  185. 
Ferric  oxide,  i,  20;  hydrated,  i,  7,  15. 
Ferrules  for  connecting  mains,  i,  282, 

283;  wood,  for  drawing  wires,  iii, 

33- 

Figured  rolled  glass,  iii,  271. 

Files  and  rasps  for  plumbers,  i,  48. 

Filing  cabinets  for  office,  flat  and 
vertical,  iii,  353-355- 

Filters,  i,  333-334;  household,  varie- 
ties and  relative  efficiency,  i,  334- 
342  [see  also  under  various  special 
headings). 

Filtration  of  water,  i,  333;  of  rain- 
water, i,  224,  233. 

Finials,  lead  covering  of,  i,  96,  143- 
145.  M9- 

*'  Finsbury  "  boiler,  iii,  116,  144. 
Fire  alarms  (see  Alarms). 
Fire-bars  of  boilers,  form  of,  iii,  121. 
Fireclay  baths,  porcelain  enamelled, 

ii.  180;  sinks,  ii,  165;  tubs,  ii,  169- 
170. 

Fire-cocks,  or  hydrants,  i,  321-326; 

garden,  i,  316. 
Fire-damp,  iii,  224. 
Fischer's     *'Perfecta"  piston 

pump,  i,  251-252. 
Flame  arc  lamp,  iii,  53. 
Flange-jointing,  method  of,  i,  77, 

85,  266-267,  269,  323;  ii,  232,  233; 

iii,  86.  368. 

Flap  valves  for  ends  of  drains,  ii,  153. 
Flashing,  burned-in,  i,  loi;  to  pre- 
pare, i,  114-115,  126,  i79-i8o»  186. 
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Flask  moulds  for  casting  lead,  i,  95. 
Flats,  lead,  i,  57,  121-125;  repairing, 
i,  91. 

Flexible  wires  (electric),  fixing  of, 
iii,  10;  metallic  piping,  iii,  39. 

Flintshire  furnace  for  lead,  i,  8. 

Flov^  pipe  for  cylinder,  ii,  15,  23,  69. 

Flues  and  ducts  in  ventilation,  ii, 
109-1 14. 

Flush  pipes  for  closets,  ii,  220-221, 

227;  fur  urinals,  ii,  257. 
Flushing  cisterns  for  water-closets, 

i,  307;  ii,  218,  221. 

Flushing  rim  basins  for  lavatories, 

ii,  202:  for  urinals,  ii,  252. 
Flushing  sinks,  apparatus  for,  ii,  244. 
Flushing  tanks,  ii,  159,  226,  257,  268. 
Fluted  glass,  iii,  272. 

Fluxes  in  soldering,  i,  102. 
Folding  lavatories,  ii,  201. 
Foot  baths,  ii,  191-192. 
Foot  disconnection  of  waste  pipes, 

ii,  244. 

Foot  valve  for  pump  suction  pipe,  i, 
240,  254. 

Forbes's  acetylene  generator,  iii, 
255-256- 

'*  Force      term  explained,  i,  242. 

Force  pump,  i,  240. 

Formulae  and  Rules  for  finding- 
area  of  finials,  i,  144,  and  of  denies, 
i,  151;  weight  and  volume  of  water, 
i,  201  ;  cubic  contents  of  rain- 
water tanks,  i,  230;  calorific  power 
of  steam,  ii,  38-39:  for  safety 
valves,  ii,  57 ;  contents  of  tanks 
and  cylinders,  ii,  60-61  ;  capacity 
of  pipes,  ii,  69;  for  ventilation,  ii, 
119,  121,  125;  amount  of  electric 
current,  ii,  302 ;  velocity  of  hot 
water  through  pipes,  iii,  78-80; 
area  of  heating  surfaces  of  pipes, 

iii,  99-ioB;  size  of  boiler,  iii,  120- 
121  ;  draught  and  size  of  boiler 
chimney,  iii,  122-123;  diameter  of 
hot  -  water  pipes,  iii,  134-135; 
capacity  of  pipes  of  various  sizes, 
iii,  139;  amount  of  heating  surface 
required  for  horticultural  build- 
ings, iii,  144-147;  length  and  dia- 
meter of  an  expansion  tube,  iii, 
151  ;  amount  of  heating  surface 
(high  pressure),  iii,  156-157;  differ- 
ence of  heat  in  steam  and  water 
pipes  at  same  temperature,  iii, 
158-159:  diameter  of  asteam  main, 
iii,  172-175;  size  of  boiler  for  low- 
pressure  steam,  iii,  178;  horse- 
power of  a  low-pressure  steam 
boiler,  iii,  179 ;  size  of  boiler 
chimney  flow  pressure),  iii,  180; 
size  of  boiler  for  swimming  bath, 
iii,  212. 

Fracture  in  boiler,  distinguished  from 

a  "  burst  ",  ii,  55. 
Freeman  Hines's  locking  joint, 

i,  219. 

Friezes,  decorative,  i,  97. 

Frost,  protection   of  pipes  from,  1, 

294-296:  cause  of  burst  water  pipe, 

i,  90;  of  boiler  explosions,  ii,  56; 

valve,  i,  296. 
Fuel-ball  fire,  iii,  251-252. 
Full-bore  water  meter,  i,  287. 
Furnace,  Flintshire,  described,  i,  8; 

for  puddling,  i,   17;   for  copper 

smelting,  i,  21. 
Furring  in  service  pipes,  i,  298-299; 

in  boilers,  ii,  30;  in  urinals,  ii,  253. 
Fuses  and  fuse  boards,  iii,  14;  branch, 

iii,  25 

Fusible  plug,  use  of,  explained,  ii,  59. 
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Galena  (lead  ore),  i,  8. 
Gallipoli  oil,  use  of,  i,  102. 
Galvanized  iron,  i,  19;  iron  tubes, 

i,  14;  pipes,  ii,  64;  wrought  iron, 

1,  19. 

Galvanizing,  process  described,  i,  19. 

Gardens,  water  supply  to,  i,  316;  hose- 
pipe for,  i,  317. 

Garratt's  patent  emptying  stup-cock, 
h  293- 

Gas,  acetylene,  composition  of,  iii, 
254-255;  apparatus  for  generating, 
iii,  255-258;  used  for  cycling  lamps, 
iii,  258;  removal  of  impurities,  iii, 
259;  burners  for,  iii,  259. 

Gas  burners  (see  under  Burners). 

Gas,  carburetted  water,  iii,  224. 

Gas  (coal),  composition  of,  iii,  223; 
methods  of  increasing  its  illumi- 
nating power,  iii,  224-225;  rate  of 
flow  through  pipes,  iii,  227-228. 

Gas  economizer,  iii,  235. 

Gas  engines  for  dynamos,  iii,  55-57; 
for  fans,  ii,  loi;  for  pumps,  i,  258. 

Gas  escapes,  how  detected,  iii,  232. 

Gas  fires  and  stoves,  iii,  249-254. 

Gas  generator  for  lead-burning,  i, 
99;  for  acetylene  gas,  iii,  255-258. 

Gas  globes,  iii,  245-246. 

Gas  governors,  their  purpose,  iii, 
234  ;  governor  burners,  iii,  236. 

Gas  lamps,  iii,  245-246. 

Gas,  marsh  (metliane),  iii,  224. 

Gas  meters,  wet  and  dry,  iii,  233; 
size,  iii,  233-234. 

Gas,  oil,  its  use,  composition,  and 
manufacture,  iii,  260-261;  burners 
for,  iii,  261. 

Gas  pipes  (see  under  Pipes). 

Gas  pressure,  iii,  228. 

Gas  supply  for  geysers,  ii,  73-74,  77; 
for  engines,  iii,  56. 

Gas  -  switches,  pneumatic,  for  in- 
candescent burners,  iii,  242-243. 

Gas  tongs,  iii,  220. 

Gas  valves,  ii,  74. 

Gaseous  diffusion,  law  of,  ii,  89. 

Gases,  deleterious,  expulsion  of,  it, 
c>7;  expansion  and  compression  of, 
li,  145. 

Gasfitters'  tools  described,  iii,  225- 
227. 

Gasket,  use  of,  i,  36,  265. 
Gasolene,  iii,  225. 
Gate  wastes  fur  lavatories,  ii,  198. 
Gauges  for  soil  and  waste  pipe  work, 

i,  49;  for  zinc,  i,  175;  water,  for 

boilers,  iii,  182. 
Gay-Lussac's  law,  ii,  85. 
Gearing's    automatic  acetylene 

generator,  iii,  256. 
Generators  for  acetylene  gas,  iii,  255- 

258. 

German  silver,  i,  23,  26,  29. 
Geysers,  their  varieties,  arrangement, 

and  size,  ii,  71-78. 
Gibbs  &  Sons'  steel-cored  lead 

cames,  iii,  283. 
Glands,  or  stuffing-boxes,  for  pumps, 

i,  247. 

Glass,  its  composition,  i,  32 ;  modes 
of  handling,  ciuting,  and  packing 
described,  iii,  265-269;  kinds  of, 
described,  iii,  270-274.  (See  also 
under  special  names.) 

Glass  enamel,  i,  20 ;  shelves,  iii. 
274 ;  tiles,  iii,  274. 
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Glazing,  ordinary:  puttying,  iii, 
274-277;  horticultural,  iii,  277; 
into  stonework,  iii,  278;  of  doors 
and  picture  frames,  iii,  278. 

Glazing,  leaded:  glass  and  tools  re- 
quired for,  iii,  279-280;  lead  cames, 
iii,  280;  glazing,  joints,  cementing, 
iii,  281-282;  fixing  in  stonework, 
iii,  282 ;  saddle-bars,  use  of,  iii, 
282 ;  steel-cored  lead  cames,  iii, 
2B3 ;  condensation  channels,  iii, 
283  ;  examples  of,  iii,  283. 

Glazing,  special  methods  of:  Sim- 
plex system,  iii,  284-285 ;  Hey- 
wood's  system,  iii,  285 ;  British 
Challenge  glazing,  iii,  286-289; 
Pennycook's  system,  iii,  290;  Mel- 
lowes  &  Co.'s  "  Eclipse"  glazing, 
iii,  291  ;  British  Luxfer  Prism 
Syndicate  system,  iii,  2^2-293; 
Rendle's  ''Invincible",  lii,  292; 
HelliwelFs  "Perfection"  glazing, 
iii,  293. 

Glenfield  Company's  "  non  -  con- 
cussive  self-closing  tap ",  1,  312 ; 
"Ashley"  pump,  i,  248;  spigot- 
and- socket  cast-iron  water-pipes, 
iii,  368. 

Globe  valve,  iii,  137-138. 

Globes  for  gas  brackets,  iii,  245-246. 

Governors,  pump,  iii,  187;  gas,  iii,  234; 
burners,  iii,  236. 

Grafton's  table  for  flow  of  gas 
through  pipes,  iii,  227;  for  length 
of  pipe  required,  iii,  228. 

Gratings  for  gutters,  i,  2x0-211;  for 
gullies,  ii,  157;  for  sinks,  ii,  174;  for 
urinals,  ii,  255. 

Gravity  and  pressure  filters,  i,  334. 

Gravity-return  system  (steam  heat- 
ing), iii,  160;  pipes  for,  iii,  171. 

Grease  extractor,  iii,  190-191. 

Grease  traps,  ii,  157-160. 

Greenhouses,  heating  of,  iii,  141-147. 

"  Grey  "  pig-iron,  i,  i6. 

Griffing  Iron  Company's  sec- 
tional boiler,  iii,  iiB. 

Ground  glass,  iii,  270. 

Grover  &  Co.'s  Simplex  method 
of  lead  glazing,  iii,  284. 

Guest  &  Chrimes's  full  -  bore 
water-meter,  i,  287. 

Gullies,  rainwater,  i,  222-224;  ^7^' 

Gully  traps,  ii,  153. 

Gun-metal  described,  i,  23,  28;  clips 
for  fixing  copper  pipes,  ii,  67. 

"  Gun-stock  ",  term  explained,  i,  114. 

Gutters,  lead,  first  section,  i,  61-63; 
second  section,  i,  63:  how  repaired, 
i,  91 ;  construction  of,  i,  107-1 15 ;  of 
lead  flats,  i,  121 ;  valley,  i,  130-131 ; 
of  skylights,  i,  1 38.  (See  also  under 
Eaves  gutters.) 


H 

Hack's  connector  (stop-valve  fer- 
rule), i,  283. 
Haden's  "Turbo "  accelerator,  iii, 

219. 

Halden  Calculex,  iii,  357. 

Half-round  gutters  and  their  fixing, 
i,  202-203,  205. 

Ham,  Baker,  &  Co.'s  wall  foun- 
tain tap,  i,  313-314- 

Ham's  patent  **  repairable "  bib- 
cock, i,  311.  [47. 

Hammers,  used  by  plumbers,  i,  43, 

Hand-basins  for  lavatories,  ii,  201. 

Hand-lamps,  used  by  plumbers,  i, 

Handles  for  btlis,  ii,  287.  [51. 


Harding  &  Son's  "  Simplex"  and 
enclosed  cisterns,  i,  302-303. 

Hardness  as  applied  to  water  (see 
under  Water). 

Hartley  and  Sugden's  "  Euro- 
pean "  sectional  self  -  contained 
boiler,  iii,  117. 

Hartley's  rolled  plate  glass,  iii, 
271. 

Hassall's  patent  safety  pipes,  i, 

217. 

Hat  leathers  for  pumps,  i,  248. 
Hatch  boxes  for  water  mains,  i,  273. 
Head  of  water,  i,  200;  conversion 

of,  into  pressure,  iii,  363. 
Heads,  rainwater,  i,  117,  157-158. 
*'  Health  water  pipes"  (Walker's), 

i,  14,  279,  281. 
Hearth,  Scotch,  or  ore,  for  lead,  i, 

8-9- 

Heat,  defined,  iii,  75;  modes  of  trans- 
mission, ii,  6-7,  83,  92-94;  iii,  68, 
75-76;  calculation  of  heat  loss  from 
buildings,  &c.,  iii,  100-102;  from 
hot-water  pipes,  iii,  103-104;  in 
hot-water  systems,  ii,  70;  iii,  216- 
219;  heat  units,  iii,  102-104;  ii»  5^ 
specific,  iii,  102-103;  latent,  ii, 
5-6 ;  iii,  158. 

Heaters,  steam  (calorifiers),  ii,  38,  40- 
44;  electric,  iii,  68-72. 

Heating,  combined  steam  and 
hot- water  i^Reck  system),  iii, 
206-209  ;  ii,  33. 

Heating,  electric,  iii,  67-72. 

Heating,  hot  -  water  high  -  pres- 
sure system  described,  iii,  147- 
148 ;  arrangement  of  piping  and 
dips,  iii,  149 ;  objections  to  the 
system,  iii,  150;  temperature,  ex- 
pansion of  water,  and  size  of  ex- 
pansion tube,  iii,  150-152. 

Heating,  hot  -  water  low  -  pres- 
sure apparatus,  principles  of 
circulation,  velocity  of  flow,  &c., 
iii,  77-S4 ;  pipes  and  fittings,  iii, 
84-^2;  heating  surfaces,  coils,  and 
radiators,  iii,  93-98;  calculation 
of  heating  surfaces,  iii,  99-108; 
boilers,  iii,  108-125  ;  systems  of 
piping,  iii,  125-140;  for  horticul- 
tural work,  iii,  141-147.  (See 
under  Piping.) 

Heating,  hot  -  water  medium  - 
pressure  system,  iii,  153;  valves, 
stop  cocks,  and  regulators,  iii,  153; 
boilers,  iii,  153-154;  crossed  cir- 
culation, iii,  155;  recharging,  and 
amount  of  heating  surface,  iii,  156- 
157- 

Heating,  low  -  pressure  steam 
system,  latent  heat  of  steam, 
boiling-point  of  water,  hot  water 
and  steam  compared,  properties 
of  saturated  steam,  steam-heat- 
ing definitions,  &c.,  iii,  158-160; 
water  -  hammer,  gravity  -  return 
system,  iii,  160;  methods  of  pip- 
ing, iii,  161-165;  artificial  water- 
lines,  iii,  165-166;  reliefs,  steam 
traps,  use  of  condensed  water, 
piping,  iii,  167-168;  stop  cocks, 
automatic  air  valves,  iii,  168-170; 
air  pipes,  sizes  of  pipes,  and  mains, 
iii,  171-173;  tables  of  sizes  of 
steam  mains,  iii,  174-176;  cal- 
culation of  heating  surface,  iii, 
176,  177;  low-pressure  steam 
boilers,  iii,  177-189.  (See  also  under 
Boilers.) 

Heating,  steam,  at  atmospheric  pres- 
sure, iii,  195-199. 

Heating,  vacuum  systems  of  steam, 
iii,  199-203. 

Heating  apparatus  (warm  air),  ii, 
114-117. 


Heating  buildings  with  calorifiers, 

iii,  203-206. 
Heating  by  exhaust  steam,  iii, 

189-195. 

Heating  systems,  indirect,  with 
double  boiler,  ii,  31;  with  double 
cylinder,  ii,  32  ;  warming  and  hot- 
water  systems  combined,  li,  33. 

Heating  systems  (low-pressure), 
general  remarks  on,  iii,  210-21 1. 

Heating  water  for  domestic  pur^ 
poses  by  steam,  ii,  35-44;  by  gas 
and  oil,  ii,  71-78. 

Helliwell's  "  Perfection  "  glazing, 
iii,  293. 

Henley  wiring  system,  iii,  42a. 

Herring  -  bone  arrangement  of 
rolls  on  spires,  &c.,  i,  141. 

Herschel's  *'Venturi "  meter,  i,  290. 

Heywood's  system  of  lead  glaz- 
ing, iii,  285. 

Hinges  of  trap-doors,  i,  139. 

Hips,  lead  coverings  of,  i,  131-135; 
hip-soakers,  i,  129-130. 

Hogg,  Quintin,  founder  of  the  first 
Fulytechnic  in  London,  i,  4. 

Holden  &  Brooks's  injector  for 
boilers,  iii,  182-183. 

Holders  for  speaking-tubes,  ii,  294. 

Hooks,  pipe  (holdfasts),  i,  81,  294; 
shave,  i,  46. 

Hopper-heads  of  pipes,  i,  209,  211; 

ii,  178. 

Horn  for  glazing,  iii,  278-279. 

Horse-power  (H.P.)  nominal,  indi- 
cated, brake,  i,  257;  electrical,  iii, 
55;  of  a  low-pressure  steam  boiler, 

iii,  179. 

Horticultural  buildings,  hot-water 
apparatus  for,  radiators,  boiler, 
and  pipes,  iii,  141;  top  heat,  iii,  141; 
bottom  heat,  iii,  143;  dips  or  traps, 
iii,  143:  branch  pieces,  valves,  eva- 
porating trough,  iii,  144;  amount  of 
heating  surface,  iii,  144-147  ;  air 
change  for,  iii,  145  ;  glazing,  iii, 
277. 

Hose-pipes  for  gardens,  1,  317. 

Hospital  requirements  for  heating 
and  ventilation,  ii,  120-122;  sinks, 
ii,  171 ;  movable  baths,  ii,  j88;  lava- 
tories, ii,  196,  199;  slop  sinks,  ii, 
241. 

Hot-water,  pressure  of,  ii,  4-5. 
Hot-water  heating  (see  under  Heat- 
ing). 

Hot  -  water  services  :  water  and 
steam,  ii,  3-10:  side  boilers,  tank 
and  cylinder  systems,  ii,  10-22 ; 
cylinder-and-tank  system,  ii.  22- 
29 ;  indirect  heating  and  miscel- 
laneous systems,  ii,  30-35;  heating 
by  steam,  ii,  35-44;  range  and 
independent  boilers,  ii,  44  -  55 ; 
boiler  explosions  and  safety  valves, 
ii,  55-60;  cylinders  and  tanks,  ii, 
60-64 ;  pipes  and  fittings,  ii,  64- 
71:  heating  water  by  gas  and  oil, 
li,  71-78. 

Hotels,  heating  of,  iii,  130-133;  hot 

water  for,  ii,  24-26. 
House  bells,  ii,  279. 
**  Household"  water-meter,  1,  289- 

290;  filters,  i,  334-342. 
Housemaids*  sinks,  ii,  168. 
Hughes  microphone,  ii,  333-334. 
Humidifiers  and  .screens,  ii,  104-iog. 
Humidity  of  the  air,  ii,  87,  96,  108, 

134- 

Humphrey  lamp,  iii.  245-246. 
Hunnings  granular  microphone, 
ii.  335- 
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Hydrants,  fire,  i,  321-326:  garden,  i, 

Hydrated  ferric  oxide,  i,  7,  15. 
Hydraulic  rams,  i,  262-263. 
Hydraulic  test  for  drain  pipes,  i, 

221 ;  ii,  271. 
Hydrochloric  acid  (spirit  of  salt). 

'>  37-38,  102. 
Hydrogen,  amount  of  in  coal  gas, 

iii,  223-:i24. 
Hygrometer,  use  of,  ii,  134. 

I 

"  Ideal  "  automatic  valve,  iii,  137. 
Incandescent    lamps,    iii,  3-10; 

burners,  iii,  238-240;  inverted,  iii, 

240. 

Incorporated  Church  Building 
Society's     requirements  for 

lead  roof-work,  1,  9. 
Independent  boilers  described,  iii, 
1 15-1 16:  ii,  78.    (See  also  under 
Boilers.) 

India-rubber,  its  uses,  &c.,  i,  36; 

tubnig  for  speaking-tubes,  ii,  292, 
Indicators  for  electric  bells,  ii,  313- 

316:  for  fire  alarms,  ii,  326;  for 

gas  leakage,  iii,  232. 
Indirect  heating  systems,  ii,  31-35. 
Indirect  radiators,  iii,  97. 
Induction  coils,  ii,  336,  353-354. 
Inferential  water-meters,  i,  286. 
Injectors  for  feeding  boilers,  iii,  183. 
Inlets  for  baths,  ii,  184. 
Inspection  chambers  for  drains,  ii, 

265. 

Inspection-covers  in  boilers,  i,  88. 

Instantaneous  water  -  heating 
system,  ii,  42-44. 

Institutions,  public,  hot-water  sup- 
ply for,  ii,  24-26. 

Intake  shaft  for  ventilation,  ii,  104. 

Intercepting  traps,  ii,  154,  160. 

Interceptor,  drain,  ii,  264. 

intermittent  downward  filtration 
method  of  sewage  disposal,  ii,  273. 

Intersection  of  rolls  on  hips  and 
ridges,  i,  132,  142. 

Intersections  in  wood  casing  for 
electric  wiring,  iii,  28. 

"Invincible"  lead  glazing  (Ren- 
dle's),  lii,  292. 

Invoice  Book,  iii,  328. 

Invoices,  iii,  331-332. 

Iron,  its  chemical  characteristics,!,  15; 
ores,  i,  15  :  pig,  cast,  malleable, 
and  wrought,  i,  15-17:  puddling, 
i.  17:  protection  against  rust,  i, 
18-20:  in  water,  i,  334. 

Iron,  cast,  its  properties,  uses,  and 
manufacture,  i,  15,  16:  protection 
from  rust,  i,  18-19,  2^7-  ^4?- 
for  baths,  ii.  i8o:  for  mains,  ii, 
299;  for  snil-pipes,  i,  83:  ii,  148, 
231  :  for  sinks,  ii,  164-165 :  for 
urinals,  ii,  252:  for  cisterns,  i,  500; 
for  hot-water  mains,  iii,  84 ;  for 
boilers,  ii,  44:  iii,  117,  179:  com- 
pared with  lead  for  soil-pipes,  i, 
154.    (See  also  under  Pipes.) 

Iron,  corrugated,  for  roofing,  size 
and  method  of  fixing  sheets,  i,  188- 
iQo;  iii,  376. 

Iron,  enamelled,  varieties  of,  i,  20. 

Iron,  galvanized,  i,  19  ;  tubes,  i,  14  ; 
pipes,  ii,  64. 

Iron,  wro 'ght,  its  properties  and 
manufacture,  i,  17:  uses,  i,  18;  gal- 
VOL.  III. 


vanized,  i,  19,  228:  ii,  64:  pipes  for 
water  mains,  i,  267:  service  pipes, 

i,  86,  274-277:  "health"  water 
pipes,  i,  279  ;  cisterns,  i,  ^01  :  for 
boilers,  ii,  44:  iii,  179:  soil-pipes, 

ii,  233:  for  hot-water  apparatus,  iii, 
84:  for  coils,  iii,  93:  tubes  and  fit- 
tings, price  list,  iii,  372-373. 

Iron  pipe-work,  i,  82-89. 

Irons,  laundry,  electrically  heated, 

iii,  71-72. 

Irons,  plun.bing,  for  soldering,  i,  45, 
52,  76;  for  lead  glazing,  iii,  280. 

Irrigation  method  of  sewage  dis- 
posal, ii,  273. 

Island  Lead  Mills,  Limehouse,  Lon- 
don, referred  to,  i,  9-10. 

Isolated  closet  range,  ii,  225-226. 


J 

Jack-plane  (steel-faced)  for  plumbers' 
use,  i,  52. 

Jandus  enclosed  arc  lamp,  iii,  51. 
Japanning,  process  described,  i,  19. 
Jenkins's  automatic  air  valve,  iii, 

170. 

Jointing  to  cisterns,  i,  88;  by  lead 
burning,  i,  98;  to  wrought-iron 
boiler,  i,  88. 

Joints:  brass  -  to  -  lead,  and  lead-to- 
eartheiiw are,  1,  77;  lead-to-inm,  i, 
278:  in  ca^i-iron  pipes,  i,  83-^6, 
265-269;  in  copper  pipes,  ii,  66;  in 
drain  pipes,  i,  214-21^;  ii,  262,  263; 
on  electric  wires,  iii,  20,  30,  34 ; 
flange  joints,  i,  77,  85,  266-267,  269, 
323;  ii,  232,  233;  iii,  86;  in  hot- 
water  pipes,  ii,  64;  iii,  85-88;  in 
lead  pipes,  various  kinds  and 
methods,  i,  73-80,  277;  in  rain- 
water pipes,  i,  86,  209,  211;  rust 
joints,  i,  85;  in  service  pipes,  i,  274, 
277-278;  in  soil  pipes,  ii,  231-234; 
in  closet  traps  and  mains,  ii,  233; 
in  water  mains,  i,  265-269;  wiped 
joints,  i,  68,  74-76;  methods  of 
joining  sheet-lead,  i,  65-69;  modes 
of  joining  different  materials,  ii, 
234;  spigot -and -socket  joints  in 
cast-iron  water  pipes,  dimensions 
of,  iii,  365-366;  turned  and  bored 
joints,  dimensions  of,  iii,  366-367. 

Jones's  table  of  constants  for  vary- 
ing temperatures,  iii,  107;  tests  in 
connection  with  high-pressure  hot- 
water  apparatus,  iii,  151-152;  un- 
freezable  cistern-overflow  valves,  i, 
296. 

Journal,  iii,  329. 

Junctions  for  pipes,  i,  219-220. 


K 

Keene's  cement,  i,  93:  ii,  99,  197. 

Keith-Blackman  system  of  high- 
pressure  gas  lighting,  iii,  247-249. 

Keith's  patent  aspirator  valve,  iii, 
'37- 

Kelvin's  (Lord)  tap,  i,  311-312. 
Kemp's  drain-tester,  ii,  270. 
Kennedy's  pipe- bending  machine, 

i,  87 :  patent  water-meter,  i,  284- 

285. 

Kent's  water-meters,  i,  290. 
Keys,  valve,  i,  320. 
Kieley's  steam  trap,  iii,  184. 
"  Kimberley"  sleeve  joint,  i,  269. 
Kinealy's    ( Prof. )    FomiulcF  and 
Tables  for  Heating,  iii,  loo-ioi. 


Kingzett's  test  for  sanitary  fittings, 
pipes,  &c.,  ii,  270. 

Kitchen-range  side  boilers,  ii,  10- 
II,    (See  under  Boilers. ) 

Knives,  various  kinds  of,  for  plum- 
bers' use,  i,  43 :  for  glaziers,  iii, 
279. 

Knowles's  side  pipe  and  strainer, 
i,  254;  drain  pipes,  ii,  262. 


L 

Laboratory  sinks,  materials  for,  ii, 
170,  175. 

Ladles  u>.ed  by  pluinl)ers,  i,  45, 

Lamp,  acetylene  cycle,  iii,  258. 

Lamps,  arc,  kinds  of,  iii,  42;  arc  light 
and  voltage,  iii,  43  ;  principles  of 
working,  iii,  44-45;  cUuch  lamps, 
iii,  45;  various  delects,  iii,  46; 
cleaning,  iii,  46;  cored  carbons,  iii, 
47;  parallel  working,  iii,  47-48; 
multiple  series,  and  lamps  for 
working  it,  iii,  48-50;  enclosed,  iii, 
50-52;  alternating-current,  iii,  52; 
flame,  iii,  53-54;  thermal,  iii,  54. 

Lamps,  blow-  and  hand-,  "used  by 
pUnnbers,  i,  51. 

Lamps,  brush,  iii,  45. 

Lamps,  gas,  for  shop  windows,  iii, 
246 ;  tor  halls  and  entrances,  iii, 
246. 

Lamps,  incandescent,  carbon -fila- 
ment, iii,  3-4,  5;  Nernst  described, 
iii,  4-6;  carbon-filament  and  Nernst 
compared,  iii,  5-6 ;  combination, 
iii,  6;  varieties  of  Nernsi,  iii,  6-10 
(see  under  special  names);  connec- 
tion in  parallel  and  scries,  iii,  23 

''Lancashire"  boiler,  ii,  114;  steam 
trap,  iii,  183. 

Lancaster  &  Tonge's  steam  trap, 
iii,  183. 

Laps,  or  passings,  in  sheet-lead  work, 

i,  65;  method  of  forming,  i,  114. 
Latent  heat  (see  under  Heat). 
Lathakin,  for  lead  glazinj,  iii,  279. 
Laundry  drying  rooms,  iii,  213-215. 
Laundry  irons,  electrically  heated, 

iii,  71-72. 

Lavatories,  materials  of  basins,  ii, 
192;  self-contained  and  made  up, 

ii,  193:  shapes  and  sizes  of  basins, 
ii,  193-194;  slabs  and  skirtings,  ii, 
194;  constant-stream,  ii,  194-196; 
hospital,  ii,  196;  basins  attached 
to  slabs,  waste  outlets  and  plugs, 
standing  and  gate  wastes  and  iheir 
materials,  ii,  197-199;  overflows, 
ii,  199-200;  tip-up  basins,  ii,  200; 
folding  and  cabinet,  ii,  201-202; 
waste  pipes,  ii,  202;  their  trapping, 
ventilation,  material,  and  size,  ii, 
203-204;  enclosures  and  suppcrts, 
ii,  204-205;  shampoo  attachment, 
ii,  205:  supplied  by  geysers,  ii,  76. 

Law's  patent  rainwater  pipes,  i, 
207;  anti-splash  shoe,  i,  209. 

Lawler's  automatic  damper  regu- 
lator, iii,  124. 

Lawrence  water-softener  and 
sterilizer,  i,  327-331. 

Lead,  chemically  described,  i,  7;  its 
properties,  i,  7-8;  manufacture,  i, 
8-9;  market  forms,  i,  9-12;  alloys 
and  compounds,  i,  12:  litharge,  i, 
12:  red  and  white,  i,  12-13;  poison- 
ing by,  i,  13-14,  199;  >ii  10:  its 
superiority  to  other  metals,  1,  105; 
cast  and  milled,  i,  10,  94-96;  iii, 
370;  the  two  compared,  i,  106: 
compared  with  copper  and  zinc,  i, 
171-176. 
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Lead,  sheet  {see  under  Sheet-lead 

and  Sheet-lead  work). 
Lead  barrel,  sizes  and  weight  of,  iii, 

371- 

Lead  burning,  jointing  by,  i,  69,  98; 
apparatus  for,  i,  99  ;  process  de- 
scribed, i,  100;  burned-in  flashings, 
i,  101;  in  stonework,  1,  153. 

Lead  coffins,  i,  163-164. 

Lead  eaves  gutters,  i,  211. 

Lead-encased  block-tin  pipe,  sizes 
and  weight,  iii,  377. 

Lead  flats,  i,  121-125;  repairing  of, 
i,  91. 

Lead  joints  with  slate  or  galvanized 

iron,  i,  78;  with  earthenware,  i,  77; 

with  iron,  i,  78. 
Lead-lined  cisterns,  i,  299-300;  iron 

pipes,  ii,  149. 
Lead  nailing,  i,  64-65. 
Lead-pipe  press  (Wilson  &  Son's), 

i,  10, 

Lead -pipe  work,  i,  70-81.  (See 
under  Pipe.) 

Lead  poisoning,  i,  13-14,  199:  ii,  10. 

Lead  sinks  and  cisterns,  i,  159-163. 

Lead  work  on  roofs,  i,  58-69,  140;  on 
towers  and  domes,  i,  140-151;  for 
cornices,  1,  151-154;  ornamental,  i, 
93-98.  (See  also  under  Sheet-lead 
work.) 

Leaded  glazing  (see  under  Glazing). 
Leakages  in  underground  pipes,  how 

localized  and  repaired,  i,  90-91. 
Lean-to  houses,  iii,  144. 
Leclanche  types  of  electric  cells,  ii, 

300-301. 

Ledger,  Sales,  iii,  328;  Bought,  iii,  328- 
329;  Private,  iii,  329. 

Lever  handles  for  stop  cocks,  i,  316. 

Lever  pulls  for  bells,  ii,  285. 

"  Lift  as  applied  to  pumps,  defined, 
i,  242:  table  for  calculating  amount 
of  Hft  in  gallons,  iii,  365. 

Lift-up  seats  for  closets,  ii,  217. 

Lighting,  electric:  currentand incan- 
descent lamps,  iii,  3-10;  wires  for 
circuits  and  mains,  iii,  10-14;  wir- 
ing, iii,  14-25;  wood  casing,  iii,  26- 
29;  metal  tubing,  iii,  29-42;  arc 
lamps,  iii,  42-54;  generating  plant, 
iii,  54-67- 

Lighting,  gas:  coal  gas,  iii,  223-225; 
gasfitters' tools,  iii,  225-227;  pipes, 
cocks,  bypass  taps,  and  siphons, 
iii,  227-232;  meters  and  governors, 
iii,  233-234  :  burners,  lighting  de- 
vices, and  globes,  iii,  235-249; 
acetylene  gas,  iii,  254-260;  oil  gas, 
iii,  260-261. 

*' Lightning"  geyser,  ii,  73. 

Lime  water  for  testing  quality  of 
air,  ii,  135. 

Linseed  oil,  uses  of,  i,  37. 

Lip  trap,  ii,  151. 

Litharge,  i,  7;  how  manufactured, &c., 
i,  12. 

"  Little  Giant'*  steam  trap,  iii,  185. 
Lockerbie's  '*Duecless"  patent 

ear  plate,  i,  208. 
Locking  joint  (Freeman  Hines's),  i, 

219. 

**  Loco  "  drain  joint,  i,  218. 
London  Polytechnic,  i,  4;  Institute, 

and  its  branches,  i,  4. 
Long-hopper  closet,  ii,  209. 
Looking-glass,  use  of  in  plumbing, 

i,  49. 

Loop  radiators,  iii,  95. 
Looping-in  of  electric  wires,  iii,  15. 


Losses,  heat  (see  under  Heat}. 

Low-down  closets,  ii,  223. 

Lug  contact  for  alarm  bells,  11,  317. 

Lumby's  "  Pioneer"  boiler  de- 
scribed, iii,  1 17. 

Luxfer  prism  glass,  iii,  273. 

Luxfer  Prism  Syndicate  glazing, 
iii,  293. 

M 

Macfarlane's  (Walter  &  Co.)  sliding 
faucets,  i,  207:  patent  holder  bats, 

i,  208;  iron  drain  pipes,  ii,  261. 
M' Ivor's  process  of  manufacturing 

white-lead,  i,  13. 
Magnesium  covering  for  pipes,  iii, 
217. 

Magneto-bell,  ii,  356. 
Magneto-call  telephones,  ii,  356- 
359- 

Magnets,  permanent  and  electro,  ii, 
305-308. 

Magnus,  Sir  Philip,  superintendent 
of  the  City  and  Guilds  of  London 
Institute,  i,  4. 

Maignen's  water  -  softening  ap- 
paratus, i,  331. 

Main  cock,  gas,  iii,  229. 

"  Main,  rising",  i,  293. 

Mains,  electric,  size  of,  iii,  12;  fire,  i, 
325:  gas,  connections  to,  iii,  228: 
steam,  diameter  of,  iii,  172-174; 
water,  and  fittings,  i,  14,  83,  263- 
273:  tapping,  i,  281-283. 

Malleable  iron,  i,  16-17. 

Mallets,  various  kinds  of  for  plum- 
bers, i,  42. 

"Mammoth"  air-lift  pump,  i, 
261-262. 

Mandrels,  use  of,  i,  44,  52. 

Manhole,  open-channel,  for  drains,  ii, 
266. 

Mantles,  incandescent,  iii,  238;  tests, 
iii,  244. 

Manville  sectional   covering  for 

pipes,  iii,  217. 
Marble,  its  varieties  and  uses,  i,  29- 

30;  for  basin  tops,  i,  93:  for  baths, 

ii,  180. 

Marsh  gas  (firedamp),  iii,  224. 

Mason's  trap,  ii,  152. 

Massicot,  term  explained,  i,  12. 

Materials,  miscellaneous,  used  by 
plumbers,  i,  36-38  ;  non-conduct- 
ing, for  hot-water  and  steam-heat- 
ing apparatus,  iii,  216-219-  (See 
also  under  various  special  names.) 

Mather  &  Piatt's  filters,  i,  334; 
cast-iron  tanks,  i,  300. 

"  Matte  "  in  lead-smelting,  i,  9. 

May  -  Oatway  thermostat  (fire 
alarm),  ii,  324. 

Measurement  of  external  plumbers' 
work,  iii,  297-304;  of  internal,  iii, 
304-318. 

Mechanical  efficiency  defined,  i, 
257- 

Mechanical  traps,  ii,  152. 
Mellowes    &    Co.'s  "Eclipse" 

glazing,  iii,  291. 
Melting-points,  of  copper,  lead,  and 

zinc,  i,  172;  of  alloys,  iii,  397:  of 

metals,  iii,  398. 
Mensuration,  iii,  379-396. 
Mercury  safety  valve,  ii,  58. 
Meridian  lamp,  iii,  9. 
I  Mermaid  boiler,  ii,  48. 


Merryweather  &  Sons'  estimate 

of  cost  of  various  motive  powers 
for  pumps,  i,  254 ;  wind  engine  and 
pump,  i,  259-260. 

Metallic  enamel,  i,  19-20;  packings 
for  pump  valves,  i,  247;  for  man- 
lids  of  boilers,  ii,  52. 

Metallo-keramic  joint,  ii,  234. 

Metals  used  by  the  plumber,  i,  6-25; 
action  of  water  on,  i,  199,  ii,  9-10: 
weight  of  square  foot  of,  iii,  377; 
weight  of  cubic  foot  of,  iii,  378: 
meltuig-points  of,  iii,  398  :  coeffi- 
cients of  expansion  of,  iii,  398. 

Meters,  gas,  wet  and  dry,  described, 
iii,  233:  size,  iii,  233-234:  water, 
varieties  of,  i,  284-202;  how  to  read 
the  dial  of,  i,  290.  (See  also  under 
special  names.) 

Methane,  or  marsh  gas,  iii,  224. 

Metric  system,  iii,  379-396. 

Mexican  onyx,  i,  30. 

Mica,  its  use,  i,  38. 

Microphone,  principle  of  the,  ii,  332- 
334;  Hunnings  granular,  ii,  335: 
long-distance  telephony,  ii,  335;. 
induction  coils,  ii,  335. 

Milled  lead,  i,  10,  106,  369 ;  sheet- 
lead,  i,  55. 

Milner's  process  of  manufacturing 
white-lead,  i,  13. 

Minium,  or  red-lead,  i,  12. 

Mist  screen,  ii,  107. 

Moisture  (see  Humidity). 

Momentum  a  cause  of  unsealing 
traps,  ii,  145. 

Monoxide,  lead,  or  litharge,  i,  7. 

Morris's  ferrule  for  mains,  i,  282. 

Motive  power  for  pumps,  i,  254-263; 
for  ventilating  fans,  ii,  101-104. 

"  Mottled"  pig-iron,  i,  16. 

Moulded  gutters  and  their  fixing, 
202-204,  205. 

Moulds,  flask,  for  casting  lead,  i,  95. 

Mouthpieces  for  .speaking-tubes,  ii, 
293. 

Movable  baths  for  hospitals,  ii,  x88. 
Movable  screens,  ii,  105. 
Mud  lids  for  boilers,  iii,  114. 
Muffled  glass,  iii,  272. 
Multiple  cutter,  i,  53. 
Multiple  series  for  arc  lamps,  iii,  48. 
Muntz-metal  (alloy),  i,  23,  27. 
Mushroom  valves  for  pumps,  i,  246. 

N 

Nailing  lead,  when  necessary,  i, 
64-65. 

Nails,  copper,  use  of,  i,  21. 
Naphthalene  in  coal  gas,  iii,  224. 
National    Radiator  Company's 

sectional  boiler,  iii,  118. 
Nernst   lamps   and  their  varieties 

described,  iii,  4-7. 
"  Newport"  stop-cock  box,  i,  319. 
Nickel,  its  uses,  i,  25:  plating,  i,  29. 
Nipples,  screwed,  for  radiators,  iii,  94. 
Nitrogen,  amount  of  in  coal  gas,  iii, 

223. 

Non -automatic  cisterns  for  urinals, 

ii.  256. 

Non  -  conducting  materials  for 
preventing  loss  of  heat,  ii,  70;  iii, 
216-219. 

Non-return  valve,  iii,  169. 

"  Norwall  "  automatic  air  valve, 

iii,  170,  191-192. 
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liSiozzle  pieces  for  gutters,  i,  202; 
supply  and  waste,  for  urinals,  ii, 
253- 

o 

Office,  drawing,  and  its  furniture, 

iii,  356-359- 

Office,  manager's,  and  its  arrange- 
ments, iii,  353-356. 

Offsets  (plinth  bends)  for  rainwater 
pipes;,  i,  206. 

Ogee  eaves  gutters,  i,  202,  205. 

Ohm's  law,  ii,  302. 

Oil,  Gallipoli,  used  in  fluxes,  i,  102; 
linseed,  uses  of,  i,  37:  paraffin,  for 
geysers,  ii,  77;  Scotch  shale,  for 
manufacturing  carburetted  water 
gas,  iii,  224. 

Oil  engines  (see  Engines). 

Oil  gas,  its  manufacture,  composition, 
and  use,  iii,  260-261. 

Oil  vapour,  for  raising  illuminating 
power  of  gas,  iii,  225. 

Olfactory  test  for  pipes  and  drains, 

ii,  270. 

"Onderdonk"  air  valve,  iii,  170. 
One-pipe  system  for  hot-water  heat- 
ing, iii,  125-129;  for  steam  heating, 

iii,  162. 

Onyx,  varieties  and  uses  of,  i,  30. 

Opalescent  glass,  use  of,  iii,  274. 

Order  Book,  iii,  330. 

Ordering  Book,  iii,  331. 

"  Ordinary",  or  "close-joint"  (Sim- 
plex tubing),  iii,  30. 

Ore  hearth  (Scotch  hearth),  i,  8-9. 

Ornamental  lead-work,  i,  93-98; 
copper  work,  i,  177-184;  zinc 
work,  i,  187-1B8. 

Oscillation  of  water  in  traps,  ii,  145. 

Osmin  lamp  described,  iii,  8. 

Osmium  lamp,  iii,  7-8. 

Osram  lamp,  iii,  8. 

Outlet  regulators,  iii,  198. 

Outlets  for  baths,  ii,  184. 

Outshine  lamp,  iii,  9. 

Oval-shaped  urinal,  ii,  251. 

Ovens,  bakers',  how  heated,  iii,  156. 

Overcloak  for  drip,  i,  112. 

Overflow-pipe  in  cisterns,  i,  163,  305: 
for  rainwater  tanks,  i,  233;  ii,  12: 
fur  sinks,  ii,  176;  for  lavatories,  ii, 
199-200;  in  baths,  ii,  183-185,  200. 

Overhead  (or  drop  system  of  hot- 
water  piping,  iii,  129;  for  steam 
heating,  iii,  164-165. 

Oxide,  feri'ic,  i,  20;  hydrated  ferric,  i, 
7,  15:  zinc,  i,  25;  aluminium,  i,  25. 

Oxygen  in  the  air,  ii,  86;  necessary  to 
life,  ii,  82:  in  coal  gas,  iii,  223-224. 

P 

Packing,  metallic,  for  pump  valves, 
i,  247;  for  man-lids  of  boilers,  ii,  52. 

Painter's  colic  and  "wrist -drop" 
referred  to,  i,  13. 

Painters,  advice  to,  i,  13. 

Pan  closet,  ii,  208. 

Panels,  ornamental,  in  lead-work,  i, 
96. 

Pantry  sinks,  metal-lined,  ii,  166. 
Paragon  pipes,  patent,  i,  218. 
Parallel  working  of  arc  lamps,  iii, 
47 


Parliament,  Acts  of,  referring  to 

plumbers,  i,  5. 
"  Parvus  "  water-meter  described, 

i,  290. 

Pasteur  (Chamberland)  filters,  i, 

339-340' 

Patera  for  ceiling  rose,  iii,  19. 

"  Patina",  colouring  matter  of  cop- 
per, i,  175. 

Pattinson  process  for  desilverizing 
lead,  i,  g. 

Pearson  automatic  thermostat,  ii, 
324-325- 

Pedestal  closets,  i,  167. 

Peet's  gate  valve,  iii,  138. 

Pendent  pulls  for  bells,  ii,  283. 

Pendulum  for  bells,  ii,  289;  indicator 
for  electric  bells,  ii,  314. 

Pennycook's  system  of  lead  glaz- 
ing, iii,  290. 

"  Perfecta  "  piston  pump,  i,  251. 

Perkins's  stop  cocks,  iii,  153. 

Perspiration,  sensible  and  insensible, 

ii,  83. 

Petrol-driven  pump,  i,  258. 
Petty  Cash  Book,  iii,  329. 
Pewter,  composition  of,  i,  26. 
"Phenomenon"  acetylene  bicycle 

lamp,  iii,  258. 
Phosphor-bronze,  i,  23;  composition 

and  use  of,  i,  28-29. 
Picture-frame  glazing,  iii,  278. 
Piercing  machine  for  copper  tubes, 

i,  22. 

Pig-iron,  account  of,  i,  15-16. 
Pigs  of  lead,  i,  9. 

Pilkington  Brothers,  Messrs.,  pa- 
tent prismatic  rolled  glass,  iii,  272. 
Pillar  hydrants,  i,  321;  terminals, 

iii,  18. 

Pintches'  system  of  manufacturing 

oil  gas,  iii,  260-261. 
Pioneer  boiler  (Lumby's),  iii,  117. 
Pipe-bending,  i,  70-73,  86-87,  89; 

iii,  85. 

Pipe-bending  dresser,  i,  42. 
Pipe-bending  machine,  i,  86-87,  89. 
Pipe  boilers,  ii,  49-50. 
Pipe-clips,  i,  81,  207,  294;  ii,  237. 
Pipe-covering  materials,  ii,  70;  iii, 
217. 

Pipe-cutters,  various  kinds  of,  i,  53, 
86;  iii,  227. 

Pipe,  delivery,  of  pumps,  i,  239;  for 
houses,  i,  274. 

Pipe-hangers,  iii,  89-90. 

Pipe,  "  health  ",  i,  14,  279,  281. 

Pipe  hooks,  i,  81,  294;  iii,  90. 

Pipe  junctions,  i,  219. 

Pipe,  rising,  of  pumps,  i,  239. 

Pipe-screwing  machine,  i,  51. 

Pipe,  stopped,  how  to  clear  a,  i,  91. 

Pipe  tongs  described,  i,  54. 

Pipe  vice  ("Samson"),  i,  52;  for  gas- 
fitters,  iii,  227. 

Pipe  work,  lead,  i,  70-81.  (See  under 
Pipes,  lead.) 

Pipe  wrench  for  gasfitters,  iii,  226. 

Pipes,  air,  ii,  18,  23;  iii,  136,  171. 

Pipes,  anti-frost,  i,  295. 

Pipes,  anti-siphonage,  i,  81,  84;  ii, 
147,  235- 

Pipes, branch  service  (watersupply), 
i,  292-299;  size  and  course,  i,  292; 
means  of  emptying,  i,  293;  fi.ving 
and  protection  from  frost,  i,  293- 
296;  position  of  ball  valves  and 


stop  cocks,  i,  297-298;  water  taps 
and  furring  in  pipes,  i,  298-299. 

Pipes,  brass,  i,  27. 

Pipes,  cast-iron,  i,  16;  protection 
against  rust,  i,  19,  267-268:  ii,  149; 
uses  of,  i,  82;  cutting  and  joining, 
i,  82-83:  for  soil  and  waste  pipes, 
i,  83;  ii,  148,  231;  iii,  376;  for 
greenhouses,  i,  84;  rust  and  flange 
joints,  i,  85;  for  pumps,  i,  253;  for 
water  mains,  i,  83,  263-264;  joints 
in,  i,  265-267;  for  slop-sinks,  ii, 
244;  for  drains,  ii,  260-262;  iii, 
376;  for  hot-water  apparatus,  iii, 
84:  dimensions  and  weight  oi^.  iii, 
365,  368. 

Pipes,  circulation,  "primary",  be- 
tween boiler  and  cylinder,  ii,  16, 
68. 

Pipes,  copper,  use  of,  i,  89,  253;  ii, 
66,292;  111,84-85;  sizes  and  weight 
of,  iii,  375. 

Pipes,  domestic  service,  i,  274-283, 
292-299. 

Pipes,  down  (rainwater),  i,  11,  91, 
i54-^57>  201,  206,  208-209,  212. 

Pipes,  drain,  i,  213-214:  joints  and 
varieties  in,  i,  214-218;  bends, 
junctions,  channels,  &c.,  i,  219- 
220;  laying  of,  and  hydraulic  test, 
i,  221-222;  materials  of,  ii,  260- 
262  ;  testing  of,  ii,  270 ;  sizes  and 
weights  of,  iii,  376. 

Pipes,  feed,  iii,  140. 

Pipes,  flush,  for  closets,  ii,  220,  227; 
for  urinals,  ii,  257. 

Pipes,  gas,  materials,  size  and  length, 
iii,  227-228,  369,  371:  connections 
to  mains,  iii,  228:  branch  pipes  and 
sizes,  iii,  229;  arrangement  of,  for 
large  halls  or  rooms,  cocks,  by- 
passes, wall  brackets,  and  centre 
lights,  iii,  230-231;  testing  of  ser- 
vice, iii,  231-232. 

Pipes,  hose,  for  gardens,  i,  ^17. 

Pipes,  hot-water  service,  materials, 
joints  and  fi.xings,  li,  64-67;  pro- 
vision for  expansion  and  conlrac- 
lion,  ii,  67-68;  arrangement  of,  ii, 
68-70;  non-conducting  packing,  ii, 
70;  faults  and  t.efects,  ii,  71. 

Pipes,  hot-water  heating,  dipping 
or  trapping  of,  iii,  80-81:  materials 
of,  iii,  84-85;  joints,  iii,  85:  ex- 
pansion of,  iii,  87-88;  fixing  of,  iii, 
89;  pitch,  iii,  90;  special  fittings, 
iii,  91-92. 

Pipes,  lead,  process  of  manufacture, 
i,  lO-Ti;  early  use  of,  i,  70;  how 
made  and  bent,  i,  70-73;  joints  in, 
i,  73-80:  arranging  and  fixing  of, 

i.  80-81;  anti-siphonage,  i,  81:  ii, 
147,  235:  rainwater,  connections 
and  fittings,  i,  211-212;  for  do- 
mestic service  pipes,  i,  277-281, 
292-290;  for  hot-water,  ii,  64-65; 
for  soil  and  waste  pipes,  ii,  148, 
230,  370-371;  for  lavatories,  ii,  203: 
for  pumps,  i,  252-253;  for  rain- 
water (rhonesi,  i,  154-157,  211: 
weight  of,  i,  278-279 ;  sizes  and 
dimensions  of,  iii,  370. 

Pipes,  overflow,  in  cisterns,  i,  163, 
234,  305;  for  cold-water  tank,  ii, 
12;  for  sinks,  ii,  176;  for  lavatories, 

ii,  199-200;  for  baths,  ii,  183-185, 
200. 

Pipes,  pit,  i,  318. 

Pipes,  rainwater,  fittings  and  con- 
nections, i,  201-211;  lead,  i,  11, 
'.54-'57i  211;  connections  and  fit- 
tings, i,  212 ;  how  cleared  when 
stopped,  i,  91. 

Pipes,  soil,  how  made  and  fixed,  i, 
II,  80.  83;  bending  of,  i,  71-72; 
how  cleared  when  stopped,  i,  92; 
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materials  of,  ii,  147-150,  230;  use, 
ii,  228:  position,  arrangement,  and 
materials,  ii,  230-231;  joints,,  ii, 
231-233;  joints  to  closets,  traps, 
and  drains,  ii,  233-234;  shape  and 
bends,  ii,  234;  size  and  ventilation, 
ii,  146,  235;  anti-siphonage  pipes, 
ii,  235;  method  of  fixing,  ii,  236; 
disconnection  from  drain,  ii, 
as  drain-ventilators,  ii,  238;  dram- 
ventilating  pipes,  cowls  and  bal- 
loon-guards, ii,  238;  testing  of,  ii, 
272. 

Pipes,  sparge,  for  urinals,  ii,  255. 
Pipes,  stack  (rainwater),  i,  201. 
Pipes,  stand,  for  connecting  hose  to 

hydrants,  i,  324. 
Pipes,  steam  (see  under  Heating). 
Pipes,  steel,  for  water  mains,  1,  268- 

269;  for  electric  work,  iii,  30. 
Pipes,  stoneware,  for  drains,  i,  213; 

ii,  150,  262;  for  pit  pipes,  i,  318. 
Pipes,  suction,  for  pumps,  i,  239, 

252-253. 

Pipes,  taper,  i,  219. 

Pipes,  trap-ventilating,  ii,  147. 

Pipes,  waste,  for  rainwater  tanks,  i, 
233;  for  cisterns,  i,  305;  for  safes, 
i,  307  ;  for  sinks,  materials,  size, 
trapping,  and  ventilation,  ii,  176- 
178;  for  baths,  their  connection, 
disconnection,  and  ventilation,  ii, 
186,  187;  for  lavatories,  ii,  202, 
their  trapping,  ventilation,  ma- 
terial, and  size,  ii,  203-204  ;  for 
slop-sinks,  materials,  size,  and  ven- 
tilation, ii,  243-244;  for  urinals,  ii, 
249,  254;  enamelled  or  galvanized, 
i,  83;  how  fixed  and  jointed,  i,  84; 
how  cleared  when  stopped,  i,  91. 

Pipes,  water,  how  repaired  when 
burst,  i,  90-91,  294. 

Pipes,  wrought-iron,  uses  of,  i,  86; 
bending  and  fixing  of,  i,  86-87: 
for  pumps,  i,  253;  for  water  mains, 
i,  267;  for  water  service,  i,  274-277; 
''health"  water  pipes,  i,  279;  for 
cisterns,  i,  301;  for  soil  pipes,  ii, 
233 ;  for  hot-water  apparatus,  iii, 

84. 

Pipes  for  water  mains,  i,  263-273. 
Piping,  iron,  for  electric  wiring,  iii, 
30.  37-40- 

Piping  for  high  -  pressure  hot  - 
water  apparatus,  iii,  149. 

Piping  for  low-pressure  hot-water 
apparatus,  i,  84-85:  iii,  125-130; 
sizes  of  pipes  required,  iii,  133-136, 

Piping  for  steam-heating  appara- 
tus, iii,  161-164;  pipes,  stop  cocks, 
and  valves,  iii,  167-170;  air  pipes, 
mains,  bends,  and  connections,  iii, 
171-173;  tables  of  sizes  of  steam 
mains,  iii.  174-175;  calculation  of 
heating  surface,  iii,  175-176. 

Pit  hydrants,  i,  322. 

Pitch  of  hot-water  pipes,  iii,  90. 

Pitch-roofs,  copper  laying  on,  i,  180, 

Pits  for  valves,  hydrants,  &c.,  i,  317- 
319. 

Planishing  copper,  process  of,  i,  191. 
Plaster  of  Paris,  its  uses  by  the 

plumber,  i,  35. 
Plastine  (Carson  &  Sons),  iii,  277. 
Plate  glass,  embossed  and  polished, 

iii,  270;  patent,  rough,  and  rough 
cast,  iii,  270-271. 

Plates  of  milled  lead,  i,  10. 
Pliers,  used  by  plumbers,  i,  48. 
Plinth-bends  for  rainwater  pipes,  i, 
206. 

Plug  sockets,  iii,  25 ;  taps  for  gas- 
fitters,  iii,  225. 


Plugs  for  closing  pipes,  i,  276. 
Plumbers,  erroneous  notions  as  to, 
i,  3  ;  institutions  and  schools  for, 

i,  4-5  ;  responsibility  of,  i,  6,  90; 
compulsory  registration  of,  i,  6; 
Acts  of  Parliament  regarding,  i,  5; 
their  tools  and  uses  described,  i, 
41-54- 

Plumbers'  work,  measurement  of 
external,  and  specification,  iii,  297- 
298;  examples  of  "  taking-oft", 
"abstracting",  and  "billing",  iii, 
299-304;  measurement  of  internal, 
with  examples  of  specification,  iii, 
305-308;  "  laking  otf  ",  iii,  309-314; 
"  billing",  iii,  315-318. 

Plumbing-irons,  i,  52,  76. 

Plumbing,  sanitary,  and  drainage, 

ii,  \^i-'z']^ passim. 
Pneumatic  bells  and  speaking- 
tubes,  ii,  290-295, 

Pneumatic  gas  switches,  for  in- 
candescent burners,  iii,  242-243. 

Pneumatic  test  for  drain  pipes,  ii, 
271. 

Pneumatics,  various  laws  of,  illus- 
trated, ii,  84-85,  89. 

Poisoning,  lead,  i,  13-14,  199:  ii,  10. 

Polarized  (magneto)  bell,  ii,  357. 

Pontifex's  "  Nosound  "  cistern,  ii, 
219. 

"  Pontifex  "  terminal  set  for  speak- 
ing tubes,  ii,  294. 

Porcelain,  i,  31;  for  baths,  ii,  180;  en- 
amel, i,  20;  soldered  joint,  ii,  234. 

Porcelaine  d'Amiante  filter,  i,  338. 

Portable  water  meters,  i,  287. 

Portland  cement,  uses,  properties, 
and  composition,  i,  33-34;  ii,  232. 

Posting,  system  of,  illustrated,  iii, 
335-344- 

Post-mortem  slabs,  ii,  171-173. 
Potterton's  zigzag  boiler,  ii,  48. 
Pottery,  use  of  in  plumbing,  i,  30-32. 
Precipitation   process  in  smelting 
lead,  i,  9. 

Pressure  augmentors  for  hydrants, 

i,  326. 

Pressure  of  gas,  iii,  228;  of  hot  water, 

ii,  4-5;  steam,  ii,  36;  iii,  158;  drop 
on  electric  wires,  iii,  11;  reducing 
valves  for  mains,  i,  272;  for  boilers, 

iii,  188;  pressure  and  head  of  water, 
iii,  363. 

Price  list  of  wrought-iron  tubes  and 
fittings  for  gas,  water,  and  steam, 
iii,  372-373- 

Primax  cell  (electric),  ii,  322. 

Prime  Cost  Keeping,  advantages  of; 
value  of  material ;  wagesand  wages 
sheets;  prime  cost  of  labour;  de- 
partmental expenses:  stores  and 
offices,  iii,  347-353- 

Prism  glass,  Luxfer,  iii,  273. 

Private  Ledger,  iii,  329. 

Propellers  (revolving  fans),  ii,  100; 
number  of  revolutions,  ii,  loi. 

Propulsion  apparatus  for  ventila- 
tion, ii.  99-104. 

Puddling,  process  described,  i,  17. 

Pulls,  bell,  ii,  282-286. 

Pulsometer  Engineering  Co.'s 
"  Mammoth  "  air-lift  pump,  i, 
262:  "  Torrent"  patent  filter,  i,  334. 

Pump  governors  and  receivers, 
iii,  187-188. 

Pumping  valve,  iii,  155. 

Pumps,  for  underground  tanks,  i,  234: 
common  suction,  i,  238-239;  suc- 
tion-and-lift,  i,  239-240:  suction- 
and-force,  i,  240;  air  vessels,  and 


single-acting,  i,  241;  double-acting 
lift-and-force,  i,  242 :  other  varieties, 
i,  244:  fittings,  i,  244-248,  253:  ca- 
pacity to  be  tested,  i,  248:  the 
"Ashley",  centrifugal,  rotary,  and 
semi-rotary,  i,  248-252;  motive 
power  for,  i,  254-263. 

Pushes  for  electric  bells,  ii,  310-313; 
for  fire  alarms,  ii,  323. 

Putty,  its  uses  in  plumbing,  i,  37;  in 
glazing,  iii,  274-275;  patent,  iii, 
277. 

Pyle  (J.  &  Co.'s)  automatic  valve, 
iii,  206. 

Q 

Quadrant  bell  pulls,  ii,  283. 
Quick-action  valve,  iii,  138-139. 
Quick  wastes  for  baths,  ii,  184. 

R 

Radial  urinals,  ii,  231, 

Radiant  heat,  ii,  92:  iii,  68,  76; 
amount  of,  from  different  sub- 
stances, iii,  76,  108. 

Radiator,  luminous  (electric),  iii,  68- 
69. 

Radiator  valves,  iii,  136,  138,  162, 
198. 

Radiators,  or  coils,  ii,  17-19;  iii,  93- 
100:  for  hotels,  iii,  130:  gas  steam, 
iii,  250. 

Radiolite  lamp  (Edison  and  Swan 
Co.),  iii,  9. 

Rainfall,  amount  of,  and  other  parti- 
culars, i,  195-196:  yield  of,  from 
roof,  i,  232. 

Rainwater,  collection  and  storage  of, 
i,  201-234  passhn;  gutters  and 
pipes,  i,  201-213;  drains,  pipes, 
and  trenches,  i,  213-224;  storage 
and  filtration,  i,  224-234;  heads,  i, 
"7.  157-158. 

Ram,  hydraulic,  i,  262-263. 

Range  boilers  (see  Boilers). 

Range  cocks,  i,  314. 

Rasps  used  by  plumbers,  i,  48. 

Receipt  Book,  iii.  331. 

Receiver,  "Ader"  (telephone),  ii, 
330-331:  "Watch",  ii,  332. 

Recessed  boiler,  ii,  48. 

Reck  system  of  combined  steam  and 
hot-water  heating  described  and 
explained,  iii,  206-209, 

Recknagel  and  Rietschel's  table 
for  calculating  loss  of  heat  through 
glass,  &c, ,  iii,  101. 

Red-lead,  its  use  by  the  plumber,  i, 
12. 

Reducing  sockets,  i,  276:  iii,  168. 
Reduction  process  in  making  lead, 
i,  8. 

Reel,  used  in  lead  glazing,  iii,  280. 

Reflex  lamp  described,  iii,  9. 

Reflux  valves,  for  mains,  i,  270;  for 
cylinder  system,  ii,  19,  35. 

Regenerative  gas  burner,  iii,  237. 

Regulators,  outlet,  iii,  198  ;  auto- 
matic, for  boilers,  ii,  114;  iii,  123- 
124,  153,  180-181. 

Reid,  Dr.  George,  on  height  and 
floor-space  of  a  room,  i,  91;  on  the 
velocity  of  air-change  in  ventila- 
tion, i,  125. 

"  Reisert "  system  for  softening 
water,  i,  332-333. 

Relay,  iii,  160,  162. 
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Relief  valves  on  mains,  i,  271 ;  iii, 
166. 

Rendle's  "invincible"  lead  glaz- 
ing, iii,  292. 
Rennie  M  lamp,  iii.  246. 
Repairs  in  pipes,  lead  flats,  taps, 

&c.,  i,  90-93 
Reservoirs,   balancing,  for  water 

mains,  i,  269. 
Resin,  its  use  in  plumljing,  i,  37,  102. 
Retaining  valves  for  suction  pipes, 

i,  254;  for  mains,  i,  270. 
Return  pipes  for  cylinders,  li,  15,  23, 

69;  steam  traps,  iii,  185. 
Rhones  {eaves  gutters),  i,  201. 
Richardson's  expansion  joint  for 

hot-water  pipes,  iii,  88. 
Riddell's  filters,  i,  334. 
Ridging,  ornamental,  i,  97;  lead  cov- 
ering of,  i,  131-135- 
Rilley  patent  socket  joint,  i,  268. 
Risers,  iii,  160:  return,  iii,  195. 
Rising  main,  i,  293. 
Roberts's  rainwater  separator,  i, 

225:  roof-washing  tanl<,  i,  226. 
Robertson  Wytelite  lamp,  iii,  9. 
Rolled  glass,  figured,  iii,  271:  patent 

wired,  iii,  272;  prismatic,  iii,  272. 
Rolling  mill  described,  i,  55. 
Rolls,  i,  65:  coverings  on,  i,  122:  ridge, 

i,  123;  seam,  i,  66,  124,  141-142;  on 
•  hips,  ridges,  and  curbs,  i,  131-135: 

on  towers  and  domes,  i,  140-141; 

for  copper  and  zinc  roofing,  i,  178, 

185. 

Roof-boarding,  for  copper  roofing,  i, 

177;  for  zinc,  i,  184. 
Roof-washing  tank,  i,  226. 
Roofing,  lead  work,  i,  58,  140:  copper 

work,  i,  177-184;  zinc,  i,  184-188; 

corrugated  iron,  i,  188-190;  tinned 

copper,  i,  181;  ornamental  copper, 

i,  183- 

Roses,  ceiling,  for  electric  wires,  iii, 
16-17. 

Rotary  pumps  described,  i,  251. 
Rotary  water-meter,  i,  288. 
Rough  plate  and  rough  cast  plate 

glass,  lii.  271. 
Round-pipe  traps,  ii,  154. 
Rowe's  tube  calorifier,  iii,  204-205. 
Royle's  patent  tap  union,  i,  316; 

automatic  attachment  for  calori- 

fiers,  iii,  206. 
Rust,  iron,  i,  7;  protection  from,  i,  18- 

20. 

Rust  cements,  i,  35-36,  300;  ii,  232. 

Rust  joints,  i,  85. 

"  Ruud  "  water  heater,  ii,  75. 

s 

Saddle-bars,  use  of  in  lead  glazing, 

iii,  282. 

Saddle  boiler  described,  iii,  110-112, 
144. 

Safes,  sheet  lead,  i,  165-168;  for  cis- 
terns, i,  165,  306;  for  water  closets, 
i,  166;  ii,  216;  for  baths,  i,  168,  182. 

Safety  valves  for  boilers,  ii,  56-60; 
iii,  125,  189. 

Sainty's  patent  key  or  wrench,  i, 
320, 

Sal  ammoniac,  its  use,  i,  38. 
Sale  and  Purchase  transactions, 
333- 

Sales  Day  Book,  iii,  328;  Ledger, 
iii,  328. 


"  Samson  "  pipe-vice,  use  of,  i,  52- 

53 

Sanitary  plumbing  and  drainage, 

ii,  141-274  passhn. 
Saw  used  by  plumbers,  i,  47. 

Scale  in  boilers,  effects  of,  iii,  215- 
216. 

School  requirements  as  to  ventila- 
tion, ii,  121-122;  water  closets,  ii, 
222,  224;  baths,  ii,  190-192;  lav.a- 
tories,  ii,  195. 

Schools  and  Colleges  for  training 
plumbers,  i,  4. 

Scotch  hearth  (ore  hearth),  for  lead, 

i,  8-9. 

Scour  valves  for  mains,  i,  271,  293. 

Scouring  sinks,  ii,  169. 

Screens  for  filtering  air,  ii,  104-iog; 
for  reservoir  outlets,  i,  273 ;  for 
water  closets,  ii,  277. 

Screw-down  valves  and  their  varie- 
ties, i,  309-314. 

Screw-drivers  for  plumbers,  i,  43. 

Screw  -  hammers  (coach  -  wrenches) 
used  by  plumbers,  i,  47. 

Screwed-nipple  system  of  piping, 

iii,  36. 

Seam -rolls  (hollow  seams),  i,  66; 
welted,  i,  67:  soldered,  i,  67;  on 
flats,  i,  124;  on  towers,  i,  141-142. 

"Seamed"  and  "seamless"  cop- 
per tubes,  i,  22. 

Seams,  secret,  in  lead  pipes,  i,  11; 
soldered  and  burnt,  i,  171. 

Seat  enclosures  for  closets,  ii,  217; 
-rings,  ii,  218,  227. 

Sectional  cast-iron  boiler,  iii,  118, 
119. 

"  Seggars  ",  use  of  in  manufacturing 

porcelain,  i,  31, 
Self-adjusting  pipe  joints,  i,  218- 

219. 

Self-closing,  silent,  non-concussive 
valves,  i,  312. 

Semi-rotary  pumps,  i,  251-252. 

Septic  tank  system  of  sewage  dis- 
posal, ii,  274. 

Series,  connection  of  lamps  in,  iii, 
23- 

Service  pipes  and  fittings,  i,  274-283. 
Set-square,  use  of,  i,  43. 
Setting-in  dresser,  i,  42. 
Setting-in  the  angles  of  a  drip,  i, 
111. 

Sewage,  notes  on  disposal  of,  ii,  273- 
274. 

Shampoo  attachment  for  lavatories, 

ii,  205. 

Shave-hooks  for  soldering,  various 

kinds  of,  i,  46. 
Shears,  or  snips,  for  plumbers,  i,  48. 
Sheet  copper,  i.  129,  171-192:  ii,  167, 

179;  sizes  and  weight  of,  iii,  375. 
Sheet  glass,  diff'erent  qualities,  iii, 

270. 

Sheet  iron,  corrugated,  i,  188-190:  ii, 
164,  179:  sizes  and  weight  of,  iii, 
376. 

Sheet  lead,  milled  or  cast,  how  manu- 
factured, i,  9-10,  55-56,  106;  the 
two  compared,  i,  106;  care  in  trans- 
port and  unloading,  i,  57;  cutting 
of,  i,  57;  nailing  and  methods  of 
joining,  i,  64-69;  size,  durability, 
and  soldering  of  sheets,  i.  106-107: 
for  sinks,  ii,  167;  arrangements  for 
stocking,  iii,  325. 

Sheet-lead  work,  on  roofs,  i,  58: 
cesspools,  i,  59-65 ;  gutters  and 
cesspools,  i,  105-117;  "breaks"  in, 
i,  118-121;  flats,  i,  121-125;  step- 


flashings,  soakers,  and  valley- 
gutters,  i,  126-131;  hips,  ridguig, 
and  curbs,  i,  131-135;  dormer- 
windows,  trap-doors,  and  skylights, 

i,  135-140:  towers  and  domes,  i, 
140-151;  for  cornices,  i,  151-154; 
for  rainwater  pipes  and  heads,  i, 
154-158;  sinks  and  cisterns,  i,  159— 
163;  ii,  167;  coffins,  i,  163-165: 
safes,  i,  165-168. 

Sheet  zinc,  i,  129,  174-176,  184-188, 
191;  ii,  179:  sizes  and  weight  of. 
"i.  374- 

Shelves,  glass,  iii,  274. 

Shoes,  rainwater,  for  pipes,  i,  206, 
209,  224;  ii,  162. 

Shop-door  bells,  ii,  280. 

Shop-door  contact  for  alarm  bells, 

ii,  318. 

Shop  management,  general  arrange- 
ment of  buildings,  &c.,  iii,  321-326, 

Shop-window  lamps,  iii,  246. 

Short-hopper  closet,  ii,  209. 

Shower  fittings  for  baths,  ii,  189. 

Siemens's  patent  water-meter,  i, 
286-287. 

Siemens-Martin  process  of  manu- 
facturing steel,  i,  18. 

Silver  in  lead  ore,  how  removed,  i, 
9;  German,  i,  23,  26,  29. 

"  Silver  solders  ",  i,  26. 

Silvering  of  mirror  referred  to,  i, 
7,  24. 

"Simplex"    cistern    (Harding  & 

Son),  i,  302. 
Simplex    Company's    solid  steel 

tubing,  iii,  30,  34;  dimensions  and 

weight,  lii,  369;  screwed -nipple 

system,  iii,  36. 
Simplex  method  of  lead  glazing, 

iii,  284-285. 

Single-acting  pumps,  i,  241. 

Sinks,  lead-lined,  i,  159-160;  copper- 
lined,  i,  192;  number  required  and 
position,  ii,  163;  floors,  wails,  and 
materials  for,  ii,  164-167;  for  vari- 
ous purposes— !iouseniaid's,  vege- 
table, scouring,  laboratory,  hos- 
pital, ii,  168-171:  seams  in,  ii.  171; 
wooden  curbs  and  drainers  for,  ii, 
173:  supports  and  gratings,  ii,  174; 
connections  and  waste  plugs,  ii, 
174-175;  overflows,  ii.  176;  waste 
pipes,  materials,  size,  trapping,  and 
ventilation,  ii,  176-178:  liupper 
heads  and  gullies,  ii,  178. 

Sinks,  slop,  their  position,  materials 
and  details  of  construction,  ii.  239; 
combined  with  housemaid's  sink, 
ii,  239-240:  separate,  ii,  240;  for 
hospUals,  ii,  241;  enclosed,  ii,  242; 
"corbel",  ii,  243;  trapping  and 
waste  pipes,  ii,  243;  size,  ventila- 
tion, and  foot  disconnection  of 
waste  pipes,  ii,  244;  flushing  ap- 
paratus and  dual  valves,  ii,  244- 
245;  discharge  from,  i,  80 

Siphon,  use  of  in  gasfitting,  iii,  230. 

Siphonage  of  traps,  ii,  144-145. 

Siphonic  closets,  ii,  214-216,  219-220; 
overflows  for  lavatories,  ii,  200; 
urinals,  ii,  253. 

Sitz  baths,  ii,  191. 

Skylights,  lead  covering  of,  i,  137- 
140;  puttying  of,  iii,  276-277. 

Slabs  and  skirtings  for  lavatories, 
ii,  194. 

Slate,  its  uses  for  sanitary  work,  i,  30; 

for  cisterns,  i,  299. 
Sleeve  joint,  i,  269. 
Slide  pulls  for  bells,  ii,  283. 
Slit-union  gas  burner,  iii,  235. 
Slop  sinks  (see  under  Sinks). 
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"  Slug  "  (or  cylinder)  for  making  lead 

pipe,  i,  1 1. 
Sluice  valves,  or  stop  cocks,  i,  270. 
Smith's  (Angus)  solution,  i,  14,  19; 

ii,  149. 

Smith's  (Messrs.  J.  J.)  detachable 
connector  for  electric  wiring, 

iii,  21. 

Smoke  test  for  drains  and  pipes,  ii, 
271. 

Smudge,  its  use,  i,  38;  -pot,  i,  49. 
Snips,  or  shears,  plumbers',  i,  48. 
Snowilite  lamp,  iii,  9. 
Soakers,  size  and  kinds  of,  i,  128-131; 

for  skylights,  i,  139. 
Soap  dishes  for  lavatories,  ii,  194. 
Socket-pipe  of  cesspools,  i,  116,  117. 
Sockets  and  taps  on  rainwater  pipes, 

i,  157- 

Softening  of  lead  process  explained, 
i,  9- 

Soft  water,  i,  14,  198;  ii,  9;  processes 
and  apparatus  for  softening  water, 
326-332 :  ii,  9,  30.  (See  also 
under  Water.) 

Soil  pipes  (see  under  Pipes). 

Soil  pot,  i,  49. 

"  Solarium  ",  Dowsing  (sun  bath), 
iii,  72. 

Solder,  plumbers',  varieties  of,  i,  26; 

-pots,  i.  45:  how  prepared,  i,  loi- 

102 ;  fluxes,  i,  102. 
Soldered  dots  and  seams,  i,  67-68, 

125,  152,  162. 
Soldering-irons,  i,  45,  52,  76;  ladles, 

i,  45 ;  tool  (copper),  i,  46-47 ; 
cloths,  i,  47;  for  lead  glazing,  iii, 
2S0. 

Soldering  of  a  cistern,  i,  68-69:  sur- 
face soldering,  i,  97-98:  of  sheet- 
lead  work,  i,  107:  of  a  sink,  i,  160; 
of  zinc  work,  i,  185. 

Span-roofed  houses,  iii,  i44- 

Spanner,  nse  of,  ill,  226. 

Sparge  pipes  for  urinals,  ii,  255. 

Speaking-tubes  and  their  connec- 
tions, ii,  291-295. 

Specific  gravity  of  metals  and  alloys, 
iii.  378. 

Specific  heat  of  steam,  ii,  36:  iii. 
102-103. 

Specifications,  Quantities  and 
Estimates,  iii,  297-318. 

Spelter,  i,  24;  for  soldering  brass,  i, 
27- 

Spencer's  brass-  and  copper-pipe 
bending  tool,  i,  89. 

Spigot-and-socket  drain  pipe,  i, 
215,  265;  iii,  85,  368. 

Spigot-and-socket  joints  in  cast- 
iron  water  pipes,  dimensions  of, 
iii,  365-366. 

Spiral  spring,  steel,  used  by  plumb- 
ers, i,  44-45,  71. 

Spirits  of  salt,  use  of,  i,  37-38,  102. 

Spouting,  rainwater,  i,  201. 

Spray  baths  and  apparatus,  ii,  190; 
lavatories,  ii,  195. 

Spreader  for  urinals,  ii,  256. 

Sprigs,  use  of  in  glazing,  iii,  275. 

Spring  safety  valve,  ii,  57-58. 

*' Springing or  "doubling",  use 
of,  i,  62;  setting-in  of,  i,  112:  on 
curbs,  i,  J33. 

Springs  for  bends,  i,  276 :  for  bells, 

ii,  289-290. 

Stack  pipes  (rainwater),  i,  201. 
Stall  urinals,  ii,  249. 
Stand  pipes  for  connecting  hose  to 
hydrants,  i,  324. 


Standard  water-meter,  i,  290. 

Standing  wastes  for  cisterns,  i,  305; 
for  sinks,  ii,  175 :  with  siphonic 
overflow  for  baths,  ii,  183. 

Stanford  joints  for  drain-pipes,  i,  215. 

Stannos  wiring  system,  iii,  42. 

"Star"  inverted  incandescent 
burner,  iii,  240. 

Steam,  ii,  5:  calorific  value  of,  ii,  5-6, 
36;  heating  by,  points  to  be  con- 
sidered, ii,  35-37:  methods,  ii,  37- 
38:  heaters,  ii,  38-44;  iii,  203-206; 
formula;  for  rate  of  heating,  &c., 
u?  3S-39:  traps,  ii,  40:  iii,  166,  183, 
185;  radiators,  iii,  98:  drums,  iii, 
179:  apparatus,  ii,  42-44;  for  driv- 
ing pumps,  i,  257:  batteries,  ii,  115; 
heating  by  steam,  iii,  158-219; 
latent  heat  and  volume  of,  iii,  158; 
properties  of  saturated,  iii,  159; 
steam-heating  definitions,  iii,  159. 

Steel,  uses  and  process  of  manufac- 
ture, i,  18;  for  baths,  i,  191-192; 

ii,  180;  for  tanks,  i,  301;  conduit 
tubing  for  electric  wires,  iii,  33-35. 
(See  also  under  Pipes.) 

Steel-cored  lead  cames,  iii,  283. 

Steel  points,  use  of,  i,  47. 

Step-flashing,  various  methods  of,  i, 
126-128.    (See  Flashing.) 

Sterilization  of  water,  i,  200,  330. 

Stethoscope  for  localizing  waste  in 
water  supply,  i,  292. 

Stocks  and  dies,  i,  53-54:  for  gas- 
fitters,  iii,  225. 

Stocktaking,  iii,  345. 

Stone's  "Constant  Supply"  stop 
cocks,  i,  310;  silent  "  non-concus- 
sive "  valves,  i,  312;  cone  joints, 
i,  278:  "Metropolitan"  hydrant, 
i,  296. 

Stoneware,  uses  of,  i,  31;  for  cisterns, 
i,  228,  299;  for  pipes,  ii,  150;  for 
sinks,  ii,  165;  for  water  closets,  ii, 
225;  for  drains,  ii,  260,  262;  for 
pit  pipes,  i,  318;  for  filters,  i,  340: 
Albion  Clay  Co.'s  "granitic  stone- 
ware "  pipes,  i,  213-217. 

Stonework,  glazing  into,  iii,  278. 

Stop-cock  metal,  i,  28. 

Stop  cocks  on  service  pipes,  i,  297- 
298;  fully  described,  i,  307-320;  for 
pipes  and  radiators,  iii,  137;  for 
medium-pressure  hot-water  appa- 
ratus, iii,  153.  (See  also  under 
Valves. ) 

Stopped  pipe,  how  cleared,  i,  91. 
Stop-valve  ferrule,  Hack's,  i,  283. 
Storage  of  rainwater,  i,  224-234. 
Stove,  plumbers',  i,  50;  gas,  iii,  249: 

for  cooking,  iii,  254. 
Strainers  for  pump  suction  pipes,  i, 

240,  253,  254:  for  reservoir  outlets, 

i,  273:  for  steam  traps,  iii,  185. 
Sucker  box,  of  pumps,  i,  245,  246. 
Suction  pipe,  i,  239;  pump,  i,  238, 

244;  valve,  i,  239. 
Suction-and-force  pump,  i,  240. 
Suction-and-lift  pump,  i,  239:  table 

for  calculating  amount  of  lift,  iii, 

363. 

Suction  gas  engine,  iii,  57. 
Sugg's  London  Argand  burner, 

iii,  237;  "Star"  burner,  iii,  238. 
Sulphide,  lead,  i,  8. 

Sunde  &  Co.'s  regulator,  iii,  198. 
Supply  valve  for  baths,  ii,  188,  190. 
Supports  for  lavatories,  ii,  204. 
"  Supreme  "  lamp  (electric),  iii,  9. 
Surface  boxes,  or  tobies,  i,  319. 
Swan  neck  for  rainwater  pipes,  i,  206. 


Swarf  (rust  joint  cement),  i,  35,  300; 
ii,  232. 

Swimming  baths  (see  under  Baths). 
Switch-boards  for  electric  installa- 
tion, iii,  62-67. 
Switch  wire,  iii,  15,  40. 
Sykes's  patent  screw-joint  pipes, 

i,  217-218. 

Symons's  (Mr.  G.J.)  conclusions 
as  to  rainfall  fluctuations,  i, 
195- 

T 

Tack-moulds,  cast-iron,  i,  51. 
Tacks,  cast-lead,  for  soil  pipe,  i,  80; 

use  of  secret,  i,  125. 
Taft  joint,  ii,  232. 
'*  Taking-off",  examples  of,  iii,  299- 

302,  309-314. 
**  Talc  "  chimneys  for  incandescent 

gas-burners,  i,  38;  for  glazing,  iii, 

278-279. 

Tallow,  its  uses  in  plumbing,  i,  37, 
102. 

Tampin,  or  turnpin,  its  use,  i,  44. 
Tank-and-cylinder  system,  ii,  22- 

29. 

Tank  system  for  hot-water  service, 

ii,  11-13;  its  disadvantages,  ii, 
13-14;  conversion  of  into  cylinder- 
system,  ii,  34. 

Tanks,  rainwater,  i,  227-229;  capacity 
and  cubical  contents,  i,  229-230; 
collecting  area  and  supply,  i, 
230-232;  filtration,  overflows  and 
wastes  from,  1,  233;  pumps  in  con- 
nections with,  i,  234;  automatic 
flushing,  for  urinals  and  water 
closets,  ii,  159,  226,  257,  268;  break- 
pressure,  i,  272;  hot-water,  size, 
contents,  and  materials,  ii,  60-64. 

Tantalum  lamp  described,  iii,  7; 
tantalum  sun  lamp,  iii,  9. 

Taper  pipes,  i,  219. 

Tapping  mains,  i,  281-283. 

Taps,  repairing  of,  i,  92;  drinking- 
water,  i,  298;  varieties,  &c.,  1, 
307-320;  draw-off,  ii,  50;  used  by 
gasfitters,  iii,  225;  for  gas,  iii,  253. 

Tee  bridges  for  electric  wiring,  iii,  29. 

Tees,  or  T-pieces,  i,  276. 

Telephone,  Bell,  principle  and  modi- 
fications of,  described  and  ex- 
plained, ii,  327-332. 

Telephones,  complete,  and  their  va- 
rieties described,  ii,  337-347;  inter- 
communication, ii,  347-351;  auto- 
matic intercommunication,  ii,  352; 
defect  of  the  system,  and  remedy, 
ii,  353-356;  magneto-call  described, 
ii,  356-359- 

Telephony,  long-distance,  ii,  335. 

Temperature  defined,  iii,  75:  Centi- 
grade and  Fahrenheit  scales,  iii, 
397;  average  night,  for  horticul- 
tural buildings,  iii,  144-147;  of 
maximum  density,  ii.  4:  hmv  re- 
gulated, ii,  115;  required  for  pub- 
lic buildings,  &c.,  iii,  108. 

Tenement  houses,  hot-water  supply 
for,  ii,  22. 

Terminal  sets  for  speaking-tubes, 
ii,  294. 

Terminal  waterway-end  wrought- 
iron  flue  boilers,  iii,  112. 

Testing  services  of  iron  pipe-work,  i, 
89;  of  sanitary  fittings,  pipes,  and 
drains,  ii,  270-272 ;  cocks  and 
valves,  i,  315;  hydrants,  i,  324: 
quality  of  air,  ii,  133-134;  of" 
stoneware  pipes,  ii,  262;  of  gas 
service,  iii,  231-232. 
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Tests  of   different  gas  burners,  iii, 

243-244. 
Thermal  arc-lamp,  iii,  54. 
Thermostatic  valves,  iii,  199,  201. 
Thermostats  {fire  alarms),  ii,  324- 

326. 

Threading-in  system  of  wiring,  iii, 

32- 

Throttle  valves  for  mains,  i,  270- 
271;  for  horticultural  work,  iii. 
144;  combined,  and  steam,  iii,  195. 

Tidal  valves,  ii,  161-162. 

Tie-rods  in  cisterns,  i,  161-162. 

Tiles,  uses  of,  i,  32:  glass,  iii,  273. 

Tilting  fillets,  use  of,  i,  133. 

Timekeeper,  duties  of  the,  iii,  358. 

Tin,  chemical  characteristics,  proper- 
ties, and  manufacture  of,  i,  23; 
uses,  alloys,  and  amalgam  of,  i, 
24;  for  soldering,  i,  102. 

Tin-lined  lead  pipes,  i,  280. 

Tinned-brass  tubing,  iii,  40. 

Tinned-copper  roofs,  i,  181. 

Tinning  copper,  process  of,  i,  191. 

Tinstone  ore,  i,  23. 

Tip-up  basins  for  lavatories,  ii,  200. 

Tip-up  baths,  ii,  189. 

Tobies,  or  surface  boxes,  i,  3x9, 

Tongs,  pipe,  i,  54;  gas,  iii,  226. 

Tools,  plumbers',  and  their  uses,  i, 
41-54;  gasfitters',  iii,  225-227;  for 
lead  glazing,  iii,  279-280.  {See 
under  special  names.) 

"Torrent"  patent  filter,  i,  334. 

Towel  rails  for  drying,  ii,  17-19,  24. 

Towers  and  domes,  lead-work  on, 
i,  140-151. 

Trade  lists  of  metal  sheets,  tubes, 
Sec,  iii,  369-377. 

Trap-doors,  lead  coverings  of,  i,  137- 
140. 

Trapless  closet,  ii,  210. 
Trapping,  ordipping,  hot-water  pipes, 

i,  137-140- 

Traps,  purpose,  variety,  and  necessity 
of,  ii,  143;  forces  rendering  them 
inefficient,  ii,  144-146;  ventilation 
of,  ii,  146-147,  178,  203 ;  various 
forms  of,  ii.  150-155;  cleansing- 
screws  for,  ii,  155;  materials  for, 

ii,  156:  grease  traps,  ii,  157-160; 
clearing  arm,  stoppers,  and  tidal 
valves,  ii,  161;  for  sink  waste 
pipes,  ii,  178;  for  baths,  ii,  186:  for 
water  closets,  i,  84:  steam,  ii,  40; 

iii,  166,  183:  in  feed  pipes,  iii,  140; 
for  lavatories,  ii,  203  ;  for  slop 
sinks,  ii,  243. 

Trap-ventilating  pipes  (anti-si- 
phonage),  ii,  235. 

Trenches  for  drains,  i,  220-221:  fill- 
ing-in  of,  i,  222. 

"Trentham"  Cornish  boiler  de- 
scribed, iii,  1 12-114. 

Trial  Balance,  iii,  345,  346. 

Trigger,  or  bell  contact,  for  shop- 
doors,  ii,  318. 

Triplumbic  tetroxide,  or  red-lead, 

i,  12. 

Trough  lavatory,  ii.  195:  closet,  ii, 
224-225;  urinals,  ii,  247. 

Troughs,  rainwater,  i,  201 ;  evapor- 
ating, iii,  144. 

Tube  wells,  i,  238  ;  cocks  for  lava- 
tories, i,  309. 

Tubing,  metal,  for  mechanicnl  bells, 

ii,  278,  28t:  for  speaking-tubes,  ii, 
291-292:  for  electric  wires  and  fit- 
tings, iii,  29-37:  methods  of  fixing, 

iii,  37-42* 


Tungsten  (or  Wolfram)  lamp  de- 
scribed, iii,  8. 
jrbines,  water,  i,  257. 

Turned  joints,  i,  266. 

Turnpin,  or  tampin,  i,  44. 

Turn  wheel  for  cutting  circles  in 
glass,  iii,  269. 

Turpentine,  its  uses  in  plumbing,  i, 
37- 

Turrets,  ornamental  lead-work  on,  1, 
96,  145-150. 

Two-pipe  system  for  hot- water 
installation,  iii,  129-130;  for 
steam  heating,  iii,  163. 

Tylor's  Artesian  and  bore-hole  pump- 
ing apparatus,  i,  243-246;  rotary 
pump,  i,  251;  horse-gear  three- 
throw  pump,  i,  256;  petrol-driven 
pump,  i,  258:  rotary  and  house- 
hold water-meter,  i,  288-289: 
"waste-not"  valve,  1,  313;  patent 
lever  ball  valve,  i,  315. 

Tyndale's  double-seal  joint  for 
drain  pipes,  i,  216. 


U 

Underground  tanks  for  rainwater, 

i,  228-229. 

Under-seat  valves  for  closets,  ii, 

218. 

'*  Uniform  "  water-meter,  i,  290. 
Union  jet  gas  burner,  iii,  235. 
Unions  for  cylinders,  ii,  62;  gas,  iii, 

229. 

Unit,  heat  (B.T.U.),  defined,  iii,  102, 
104:  ii,  5. 

Unsealing  of  traps,  ii.  144. 

Uralite  (asbestos  mill-board),  i,  33. 

Urinals,  their  position  and  plan,  ii, 
245:  light  and  ventilation,  ii,  246; 
bad  types,  ii,  246;  materials  em- 
ployed, ii,  247 ;  various  shapes 
(trough,  basin,  and  stalll,  ii,  247- 
253;  trapped  basins,  siphonic  and 
cabinet,  ii,  253:  supply  and  waste 
nozzles  and  pipes,  ii,  253-255; 
gratings,  sparge  pipes,  flushing 
tanks,  and  non-automatic  cisterns, 

ii,  255-256;  automatic  tanks,  ii, 
257;  size  of  flush  pipes,  ii,  257; 
method  of  preventing  encrustation, 
ii,  258. 

Urinettes,  ii,  258. 


V 

Vacuum  systems  of  steam  heating, 

iii,  199-203. 

Valley-gutters,  i,  130-131:  lead  for, 
i,  57:  .soakers  for,  i,  130. 

Valves  and  cocks,  object  of,  i,  307: 
use  of  stop  and  ball  valves  or 
cocks,  i,  307:  taps  and  other 
names,  i,  308;  t>ah'e  and  coc^  dis- 
tinguished, i,  308;  disadvantages 
of  plug  cock,  i,  308;  screw-down 
valves  and  their  varieties,  i,  309- 
314  (see  also  under  various  names): 
directions  for  fixing,  i,  314:  ball 
valves  or  cocks  and  their  varieties, 
i.  314-315:  testing  of,  i,  315-316: 
lever  handles,  i,  316;  taps  for  hose- 
pipe, i,  316;  pits  for,  i,  317-320; 
valve  keys,  i,  320. 

Valves  (special) :  air.forwater  mains, 
i,  271:  for  radiators,  ii,  18:  patent 
air,  for  cisterns,  i,  304;  anti-back- 
draught  ball,  i,  305;  automatic,  iii, 
202,  206;  automatic  air,  iii,  136- 


137,  162,  169-170,  201:  automatic 
frost,  i,  296:  back -pressure,  for 
mains,  i.  270;  ball,  i,  163.  246,  271, 
297.  307,  314,  315;  boiler  safetjr, 
and  their  varieties,  ii.  55-60;  iii, 
125,  189:  check,  i,  254;  iii,  169; 
cistern-overflow,  i,  296;  clack,  for 
pumps,  i,  239;  double-beat,  i,  247; 
dual,  ii,  244;  escape,  i,  271:  flap, 

ii,  153:  foot,  i,  240,254:  gas,  ii,  74; 
gate,  iii,  138;  globe,  iii,  137-138; 
mushroom,  i,  246:  pressure-reduc- 
ing, i,  272:  iii,  188:  pump,  i,  239, 
240,  245-247,  254;  iii,  187-188.  155; 
quick-action,  iii,  138-139;  radiator, 

iii,  137-138,  162,  198:  relief,  i,  271; 
iii,  166;  reflux,  i,  270:  ii,  19,  35; 
rotary,  ii,  74:  retaining,  i,  254, 
270:  scour,  i,  271;  screw-down,  i,. 
309-314;  self-closing,  i.  312;  sluice, 

i,  270:  suction,  i,  239;  supply,  ii, 
188,  190:  throttle,  i.  270-271;  iii, 
144,  195;  thermostatic,  ii,  75:  iii,. 
199,  2oi :  tidal,  iii,  161-162:  va- 
cuum, ii,  63;  vulcan,  ii,  75;  wash- 
out, i,  271,  293;  water,  li,  74. 

Valve-closets,  i,  167;  ii,  212. 

Vases,  lead,  i,  95. 

Vegetable  sinks,  ii,  168. 

Velocity  of  water  in  pipes,  tables- 
for  calculating,  iii,  364. 

Ventilating  radiators,  iii,  96. 

Ventilation  and  heating,  physio- 
logy of:  why  always  coupled  to- 
gether, ii.  81;  fimction  of  lungs, 
perspiration,  conduction,  and  radi- 
ation of  heat,  ii,  82-83;  natural 
physics  of:  pneumatic  laws — 
Boyle's  and  Gay-Lussac's,  ii,  84- 
86;  composition  of  pure  air,  ii,  86; 
moisture  in  the  air,  ii,  87;  vitiated 
air.  ii,  87-89:  law  of  gaseous  dif- 
fusion, ii,  89:  vitiation  of  air  by 
combustion,  ii,  91;  transmission  of 
heat,  ii,  92-94;  methods  of,  natural, 

ii,  94-97:  mechanical,  ii,  97-99; 
propulsion  apparatus,  revolving 
fans,  and  motive  power,  ii,  99-104; 
screens  and  humidifiers:  intakes, 
canvass,  coke  movable,  drum  and 
mist  screens,  ii,  104-108:  humidity 
of  theair,  ii,  108;  position  of  screen, 
ii,  109;  ducts  and  flues,  ii,  109- 
114;  heating  apparatus,  boilers  and 
steam  batteries,  ii,  114-117;  air- 
change,  ii,  117-119:  rate  of  supply 
for  various  buildings,  ii,  119-122; 
upward  and  downward  ventilation, 
ii,  123:  inlet  openings,  velocity  of 
air-propulsion,  area  of  inlet,  ii; 
124-126;  outlet  opgpings,  ii,  126- 
128:  cost  and  professional  practice 
in  connection  with  system,  ii,  128- 
136:  hints  for  working  the  plant, 
ii,  136-138. 

Ventilation  of  churches,  iii,  133; 
of  drains,  ii,  267:  of  dormitories, 
ii.  121-122:  of  drying  rooms  for 
laundries,  iii.  214:  of  geysers,  ii, 
73:  of  lavatories,  ii,  203:  in  leaded 
glazing,  iii,  289:  of  sinks,  ii,  178, 
244:  of  soil  pipes,  ii,  146,  235:  of 
trap  and  waste  pipes  of  baths,  ii, 
187:  of  urinals,  ii,  246:  of  water 
closets,  ii,  208. 

Ventilators,  lead  coverings  of,  i,  145- 
150;  copper,  i,  192;  outlet,  iii,  133. 

"Venturi"  water-meter,  i,  290. 

Vertical  wrought  -  iron  steam 
boiler,  iii,  179-180. 

Vices,  used  by  plumbers,  i,  52-53. 

Vitreous  enamel,  i,  20. 

Volt,  term  explained,  ii,  302. 

Voltage,  for  Nernst  lamps,  iii,  6;  for 
carbon-filan)eiU  lamps,  iii,  ii;  for 
arc  lamps,  iii,  43,  52. 

Voltmeters,  iii,  63. 
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Vulcan  chain  pipe  wrench,  iii,  226. 
Vulcanite,  prcparaiion  and  use  of,  i, 

36, 

W 

Wages,  payment  of,  iii,  349-350. 
Walker's  tin-lined  wrought-iron 

pipes,  i,  279;  lead-encased  health 

water  pipe,  i,  281. 
Wall -fountain   tap,    Ham,  Baker 

is;  Co.'s,  i,  313. 
WalUhooks,  i,  81. 
Warm  air  and  ventilation,  ii,  81- 

138  passim. 
Wash-down  closets,  ii,  211,  213- 

214,  2ii8. 

Wash-out  closet,  ii,  209. 
Wash-out  valves  for  mains,  i,  271, 
293- 

Wash-tubs  for  tenement  dwellings, 

ii,  169-170,  175. 
Waste-detecting     meters  (Dea- 
con's), i,  291. 

Waste  holes  in  baths,  ii,  183. 

Waste  outlets  for  lavatories,  ii,  197. 

W^aste  pipes  (see  under  Pipesi. 

Waste  plugs  for  sinks,  ii,  175  ;  for 
baths,  ii,  183;  fur  lavatories,  ii,  197. 

Waste-preventing  taps,  i,  313. 

Waste-water  closets,  ii,  228. 

Watch  receiver  (telephone),  ii,  332. 

"Water,  composition  of  pure,  i,  195; 
classification  of,  i,  ig6;  analysis, 
i,  197 ;  impurities,  i,  197- 198 ; 
physical  properties,  i,  198;  ii.  3-8; 
action  on  metals,  i,  14,  199;  bail- 
ing, distillation,  sterilization,  pres- 
sure, and  head  of,  i,  200;  iii,  363; 
weight  and  volume,  i,  201;  well, 
i,  235-236;  motive  powers  fur 
raising,  i,  254-263;  its  expansion 
and  contraction,  ii,  3-4;  iii,  150; 
pressure  of  hot  water,  ii,  4-5;  con- 
version into  steam,  ii,  5:  chemical 
properties,  ii,  8;  hardness  (tem- 
porary and  permanent),  i,  14,  196, 
398-199,  326-327;  ii.  9:  softening 
process,  i,  327-334;  ii,  9,  30;  cor- 
rosion by  water,  ii,  9-10,  199; 
weight  of,  at  different  tempera- 
tures, iii,  78;  boiling-point,  i,  200; 

iii.  158;  liot  water  and  steam  com- 
pared, i.  158;  heating  of,  by  gas 
and  oil,  ii,  71-78. 

"Water-butts,  i,  227. 

Water  closets,  legal  requirements  as 
to,  ii,  205,  207;  their  position,  par- 
titions, and  dnors,  size,  approaches, 
lighting,  and  ventilation,  ii,  207- 
208;  bad  types  of,  ii,  208-210; 
good   types   (valve,  wash-down. 


siphonic)  described,  ii,  210-216; 
safes,  ii,  216;  lift-up  seats,  ii,  217; 
seat  rings,  flushing  cisterns,  valves, 
and  water-waste  preventers,  ii,  218- 
220 ;  materials,  flush  pipes,  and 
connections,  ii,  220-222;  quantity 
of  water  required  for  flushing,  ii, 
223;  "low-down",  "corbel",  and 
"  bracket  "  closets,  ii,  223-224;  for 
schools,  factories,  &c.,  ii,  224-226; 
automatic  flushing  tanks,  ii,  226- 
227 ;  size  of  flush  pipes,  seats, 
screens,  and  waste-water  closets, 
ii,  227-228;  valve  and  pedestal,  i, 

167- 

Water  gas,  carburetted,  iii,  224-225. 
Water  gauges  for  steam  boilers,  iii, 

182.    (See  also  under  Gauges.) 
Water-hammer  in  steam  pipes,  iii, 

i6o. 

Water-heaters,  or  geysers,  ii,  42-44, 
7.-78. 

Water-heating.  (See  under  Heat- 
ing. ) 

Water  lines,  iii,  :6o,  165. 

Water  mains  and  fittings,  i,  263-273. 

Water-meters,  i,  284-292  pnssiin. 

(See  also  luider  special  names  ) 
Water-pipe,  how  to  repair  -  burst,  i, 

9&-91,  294. 
Water-softeners,  i,  327-332. 
Water-softening  (see  under  Water). 
Water-sterilizer,  i,  330. 
Water  supply,  i,  195-342  passim : 

for  geysers,  ii,  74 ;  for  baths,  ii, 

188;  tables  bearing  on,  iii,  363- 

368. 

Water  valves,  ii,  74. 
Water-waste   preventers,  i,  307; 

ii,  218-221. 

Webster's  (Mr.  Warren)  vacuum 
system  of  steam  heating,  iii, 
199. 

Wedges  for  fastening  flashing,  i,  115. 
Weep  tap,  i,  293. 

Weights  and  measures,  British  and 
metric,  iii,  379-396. 

Wells,  varieties  of,  i,  235:  well  water 
and  its  quality,  i,  235  ;  construc- 
tion of,  i,  236-237:  tube,  i,  237-238. 

Welsbach  incandescent  burners, 

iii,  239. 

Welted  seams,  i,  67,  154. 

Welts,  double  and  single,  in  copper 

roofing,  i,  179:  zinc,  i,  186. 
Wheel  cutter  for  iron  pipes,  i,  53,  86. 
White-lead,  how   manufactured,  i, 

12-13. 

White-metal,  varieties  of,  i,  25,  29. 
"  White  "  pig-iron,  i,  16. 
Whiting  for  putty,  i,  37. 


Wilson  &  Son's  lead-pipe  press, 

i,  10. 

Windmills  for  pumps,  i,  259-260. 
Wiped  joint,  how  made,  i,  68,  74-75; 

ii,  232. 

Wiping-cloths,  use  of,  i,  47. 

Wiping  vertical  angles  of  cisterns, 
method  of,  i,  160. 

Wired  rolled  glass,  patent,  iii,  272. 

Wires,  electric,  for  bell-work,  li,  304; 
for  branch  circuits  and  mains,  iii, 
10-14;  switch,  iii,  40. 

Wiring,  electric,  iii,  3,  14-25;  me- 
chanical bell,  ii,  278-281. 

Wolfram  lamp  described,  iii,  8. 

Wontner-Smith,  Gray,  &  Co.'s 
water  -  circulation  accelera- 
tor, iii,  219.  [26-29. 

Wood  casing  for  electric  wires,  iii. 

Wood-roll  system  of  laving  cupper, 
i,  178. 

Wood's  fusible  metal,  i.  26. 

Wooden  curbs  for  sinks,  ii,  173. 

Wooden  sinks,  ii,  167. 

Woodhead,  Dr.  Sims,  on  the  rela- 
tive efficiency  of  water-filters,  i, 
337-339- 

Vv'oodhouse  and  Rawson  wiring 

tables,  iii,  14. 
Working  up  a  cesspool,  i.  59-61. 
Workshop,  plumbers',  its  fittings  and 

arrangements,  i,  49-50. 
Worthington  turbine  pump,  i,  251; 

"  duplex  ",  iii,  188. 
Wrench,  pipe,  for  gasfitters,  iii,  226. 
"Wrist-drop",  i,  13. 
Wrought-iron  (see  under  Iron). 
Wytelite  lamp,  iii,  9. 

z 

Zigzag  boiler  (Potterton's),  li,  48-49, 
Zinc,  its  chemical  characteristics,  pro- 
perties, manufacture,  and  uses,  i, 
24-25,  129;  oxide,  i,  25;  coffins,  i, 
165:  melting-point  of,  i,  172;  com- 
pared with  lead,  i,  174-176;  its 
cost  and  appearance,  i,  175;  size 
of  sheets,  soldering,  rolls,  i,  185; 

iii,  374;  drips,  welts,  and  flashings, 
i,  186;  corrugated,  i,  187;  orna- 
mental work,  i,  187-188  ;  baths, 

i,  191;  ii,  179;  gutters  and  rain- 
water pipes,  i,  210-211;  soil  pipes, 

ii,  147;  tubing  for  speaking-tubes, 
ii,  292;  for  protecting  boilers  from 
corrosion,  iii,  216;  for  galvanizing 
pipes,  i,  14,  19;  action  of  water  on, 
i,  199. 

Zinc-blende,  i.  24. 


